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Imagination is more
Important than knowledge,
for knowledge is limited
while imagination embraces
the entire world.

Albert Einstein

Scientist (1867-1934)

MNever complacent with the status quo, Shimadzu helps push mankind's knowledge to greater heights. Shimadzu believes in the
value of science to transform society for the better. For more than a century, we have led the way in the development of
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Science RS
SCIENCE EXPRESS
Wil sClencexpress.ong
MICROBIOLOGY IMMUNOLOGY
Quantitative Phylogenetic Assessment of Microbial Communities in Autophagy-Dependent Viral Recognition by Plasmacytoid Dendritic Cells
Diverse Environments H. K. Lee el al.
C. von Mering et al. An unexpected function of autophagy (cellular self-digestion) is to unite RNA from
Analysis of microbial protein-coding genes from several ecosystems show that taxa infecting viruses with immune recognition molecules to trigger innate immune
prefer certain habitats and that the evolution is faster in some places than in others. defenses,

10.1126/science. 1133420 10.1124f5cence. 1136880
PHYSIOLOGY CLIMATE CHANGE
Regulation of Drosophila Life Span by Olfaction and Food-Derived Odors ~ BREVIA: Recent Climate Observations Compared to Projections
5 Libert et al. 5. Rahmstorf et al.
In flies, the ability of a severely calorie-restricted diet to extend life span can be Sea level and global mean air temperatures have risen more since 1990 than
partially reversed by exposing the flies to the odor of their main food, yeast. climate models used in the IPCC predicted, and IPCC projections may
== News sfory p. 584 underestimate future sea levels.

10.1126/science. 1136610 10.1126/cience. 1136843
TECHNICAL COMMENT ABSTRACTS REPORTS
ECOLOGY MATERIALS SCIENCE
Comment on "Rapid Advance of Spring Arrival 598 Composite Materials with Viscoelastic Stiffness 620
Dates in Long-Distance Migratory Birds” Greater Than Diamond
C. Both I. Jaglinski, D. Kochmann, D. Stone, R. 5. Lakes
full text ot ww sciencemag.org’cgiicontentfull/315/581 2/598h Adding barium titanate to tin produces a composite material that is
Response to Comment on “Rapid Advance of Spring stiffer lha.rl .d.iamuﬂd. because the trapped inclusions have negative
Arrival Dates in Long-Distance Migratory Birds” eampoh sl e,
N. Jonzén et al. PHYSICAL CHEMISTRY
full text at www sciencemag.org'cgi’contentfull'315/581 2/5 98¢ Coupling Coherence Distinguishes Structure 622

Sensitivity in Protein Electron Transfer

REVIEW T. R. Prytkova, I. V. Kurmikov, D. N. Beratan

Average rates of electron tunneling in proteins, which seem to reflect

VREANE . . the distance from donor 1o acceptor, are actually produced by
Mesoscale lron Enrichment Experiments &12 : : ;
. d . multiple tunneling pathways.
1993-2005: Synthesis and Future Directions
P W Boyd et al. CHEMISTRY
Thymine Dimerization in DNAIs an Ultrafast 625
BREVIA Photoreaction
W. J. Schreier et al.
[ N . 3 £
F'j*YEH‘?LDG? ) ) Because spectroscopy indicates that ultraviolet light damages DNA
Dimensions of Mind Perception 619 within 1 picosecond, the damage depends on the DNA conformation
b M. Gray, K. Gray, 0. M. eegner " just before it absorbs the light.
In @ Web-based survey, people conclude that anything that has
feelings (such as hunger or pride) and the ability to act (such as {:_HEM'ST?W )
Single Photon—Induced Symmetry Breaking of 629

communicating or showing self-restraint) possesses a mind, : e
H, Dissociation

F. Martin et al.

When light dissociates hydrogen gas, two dissociation pathways

of opposite parity entangle, leading to correlations in the directions

609 & 633

followed by the resulting proton, electron, and atom.

== Ferspechive p, & 10

CHEMISTRY

Ultrafast Bond Softening in Bismuth: Mapping a 633
Solid’s Interatomic Potential with X-rays

D. M. Fritz et al.

Femtosecond s-ray diffraction measurements show that as more
electrons are excited, bismuth atoms in a lattice oscillate mare slowly,
softening the lattice as suggested by theary, == Perspective p. 609
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Science

REPORTS CONTINUED...

CLIMATE CHANGE

Rapid 20th-Century Increase in Coastal Upwelling &37
Off Northwest Africa

H. V. McGregor, M. Dima, H. W. Fischer, 5. Mulitza

Upwelling of cool, nutrient-rich waters has dramatically increased in
the Atlantic off Morocco, probably because preferential warming of
the Land has increased alongshore winds.

ECOLOGY

Species Interactions Reverse Grassland Responses 640
to Changing Climate

K. B. Suttle, M. A. Thomsen, M. E. Power

Changes in rainfall alter interactions among species in experimental
plots of California grassland to produce overall modifications not
predicted by the responses of individual species,

MEDICIMNE
An X Chromosome Gene, WTX, Is Commaonly &42

Inactivated in Wilms Tumor

M. N. Rivera et al.

The identification of a gene mutated in pediatric kidney cancer
suggests that genes located on the X chromosome play a greater role
in cancer than has been thought.

MOLECULAR BIOLOGY

The DEAD-Box RNA Helicase Dbp5 Functions in &6
Translation Termination

I. Gross et al.

An RNA helicase is necessary for normal termination of translation,
recruiting a known lermination factor into the protein complex that
ends the process.

MOLECULAR BIOLOGY

Yeast Rtt109 Promotes Genome Stability by 649
Acetylating Histone H3 on Lysine 56

R. Driscoll, A. Hudson, 5. P Jackson

Rtt109 Acetylates Histone H3 Lysine 56 and 653
Functions in DNA Replication

. Han et al,

Anewly identified histone acetyl transferase is necessary lor the
stability of the genome, particularly during DNA replication,

VIROLOGY

A Two—Amino Acid Change in the Hemagglutinin 655
of the 1918 Influenza Virus Abolishes Transmission

T. M. Tumpey et al.

One or two changes in the amino acids of a surface protein on the
1918 influenza virus alter the sialic acid linkages sufficiently to
greatly reduce transmissibility.

o Nhowas i g i o3
= INEWS SO0y D, 20&

CONTENTS

CELL SIGNALING

Protein Kinase C [} and Prolyl |somerase 1 659
Regulate Mitochondrial Effects of the Life-Span
Determinant p665

P. Pinton et al.

A protein that prolongs life span when mutated has oxidoreductase
activity in mitochondria where it generates toxic oxygen radicals,
suggesting a possible therapeutic target.

»> Perspective p. 607

CELL SIGMNALIMG

Targeting of Diacylglycerol Degradation to M1 663
Muscarinic Receptors by [-Arrestins

C. D. Nefson et al.

A regulatory protein that limits the extent of signaling through a
well-described class of receptor performs the same function for
another receptor class, but by a completely different mechanism.

== Perspeclive p, 605

MICROBIOLOGY

Structural and Regulatory Genes Required to Make b
the Gas Dimethyl Sulfide in Bacteria

J. D, Todd et al.

A bacteria gene is found that enables cleavage of DMSP to the volatile
sulfur compound dimethyl sulfide (DMS) involved in cloud nucleation
and hence global warming.

606 & 640
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What if staying up to date with the
latest technology published in journals
and patents were as easy
as pushing a button?

It is.

With the “Keep Me Posted” alerting feature, SciFinder sends you
automatic updates on areas you—and your competitors—are interested in.

You can monitor specific research topics, companies, authors, substances, or sequences, and choose
how frequently vou receive notifications: daily, monthly, or weekly.

The service isn't just convenient, it'’s incredibly current. Journal article records often appear in
SciFinder betore they're even in print. New references, substances, and sequences are added daily.
Patents from all the major offices are added within two days of issuance.
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find out more, call us at 800-7335-4227 (North America) or 614-447-3700 (worldwide) or visit
www.cas.org/SCIFINDER.

SciFinder
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(m A division of the American Chemical Society, SciFinder is a registered trademark
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Local synthesis and kinesin-mediated
delivery of PIP,.
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wiwnw.stke.org

PERSPECTIVE: Neuronal Polarity and the Kinesin
Superfamily Proteins

T. Nakata and N. Hirokawa

Kinesins transport proteins and lipids necessary for neuronal process
specification and maturation.

ST NETWATCH: The SH2 Domain
Find all you ever wanted to know about proteins containing this
important interaction motif; in Protein Databases.

ST NETWATCH: Human Protein Reference Database
Lise this curated database to find information about your favarite
human pratein; in Protein Databases,

ONLIN

www.sciencemag.org

Alvin dials up the international
space station.

SCIENCENOW

WWW.SCIENCENOW.0rg

Houstan, We Have a Phone Call
Researchers conduct the first long-distance chat
between deep sea and space.

A Better Road to Dreamland?

New sleep drug may have fewer side effects than
traditional medications.

The Good Sun
Catching some rays can boost the skin's defenses.
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Waiting for Congress to adt.

SCIENCE CAREERS

WWW.SCiencecareers, org

US: Contemptuous Irresolution

B. Benderly

Congress’s failure lo do its job has funding agencies and scientists
pleading lor pennies.

EUROPE: New EMBO Installation Grants

E. Pain

The European Molecular Biology Organization encourages
expatriated scientists to set up research groups back home.

US: Working At—0ak Ridge National Laboratory

A. Fozekas

Researchers tell what it’s like Lo work at the nation’s largest science
and energy laboratory.

GRANTSNET: February 2007 Funding News

J. Fernandez

Get the latest index of research funding, scholarships, fellowships,
and internships.

Separate individual or institutional subscriptions to these products may be required for full-text access.
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CREDITS (TOP TO BOTTOM) MARTIN ET AL; PRYTKOWVA ET AL

Assessing Ocean
Productivity

Approximately one-third of the ocean has abun-
dant macronutrients but low iron concentrations,
and it has been thought that this may limit pro-
ductivily. As a test, iron was added lo the surface
ocean over large areas (tens to hundreds of
square kilometers) in 12 experiments between
1993 and 2005, Boyd et al. (p. 612) summarize
the results of these studies and discuss how iron
controls the ¢ycling of carbon, nitrogen, silicon,
and sulfur, and influences bloom dynamics and
ecosystem processes. Some of the highest pro-
ductivity occurs in coastal upwelling zones; these
provide about 20% of the world's fish harvest.
Global warming, which should heat land masses
more quickly than the ocean, could affect
coastal wind regimes and hence upwelling.
McGregor et al. (p. 637) construcl a sea-
surface temperature record for the northwest
African margin, a major coastal upwelling
region, for the past 2500 years. The surface
walers have cooled in the 20th century there,
which the authors interpret as a sign of more
vigorous upwelling of cold, deep water, caused
by stronger coastal winds. Increased upwelling
in other coastal areas could impact fisheries
and the carbon cycle.

Getting Stiffed

Aside from their intrinsic beauty and value,

diamonds are often considered the benchmark
for properties such as hardness, stifiness, and
thermal conductivity. Jaglinski et al. (p. 620)
show that adding inclusions of barium titanate
to tin creates a material with a viscoelastic

stiffness higher than diamond. Barium titanate

www.sciencemag.org SCIENCE VOL 315 2 FEBRUARY 2007

undergoes two phase transitions that change
the crystal shape and volume. This leads to
composites where the barium titanate has a
negative bulk modulus, that is, when a force
acts on the inclusions it causes a displace-
ment in the opposite direction. When these
composites are bent, the inclusions further
stiffen the composite,

Electron Tunneling on Edge

In biological electron transfers, the structure of
a protein between donor and acceptor sites
should exert an effect on
the overall transfer rate,
but in many cases
the data can be fit to
simple models where
the rate depends on
distance. Prytkova
etal. (p. 622) calcu-
lated rates for elec-
tron transfers in
cytochrome by, to
surface-bound ruthe- ¢
nium centers, where /
the measured rates 0‘ .

are known Lo repre- '

sent electron tunneling. For seven cases where
the rates appear to depend only on distance,
multiple tunneling pathways through the heme
edges are dynamically averaged. For two cases
where the rates are much slower than the dis-
tance-dependence model predicts, tunneling
occurs via a single pathway through an axial
ligand. The authors show that the multi- versus
single-pathway distinction accounts for the dif-
ference in tunneling rates in several other pro-
teins, including some in photosynthesis.

EDITED BY STELLA HURTLEY AND PHIL SZUROMI

<< Broken Symmetry

Recently, active phase manipulation of ultrashort laser
pulses has permitted researchers to direct the outcome of
photoinduced molecular dissociations by exploiting quan-
tum-mechanical interferences, Martin et al. (p. 629; see
the Perspective by Sanov) show that even simple excitation
of the H, molecule with high-energy, linearly polarized
light can induce asymmetry in the trajectories followed by
the formation of emergent proton, electron, and H atom
products. Using high-level quantum mechanical calcula-
tions and precise experimental imaging techniques, the
authors show that entanglement of two dissociation path-
ways of opposite parity leads to correlations in the direc-
tions followed by the three fragments.

Paired in a Flash

The most common form of ultraviolet (UV)
photodamage to DNA dimerizes adjacent thy-
mine bases, but the dynamics of this process
have been challenging to measure. Schreier et al.
(p. 625) use an ultrashort infrared laser probe to
clock the dimerization rate in a single-stranded,
18-membered thymine oligonucleotide, and
they find that bond formation is complete within
1 picosecond of UV light absorption. By compar-
ing these results with quantum-yield measure-
ments in double-stranded, mixed-sequence
DNA, the authors infer that DNA photodamage
occurs too quickly to involve significant confor-
mational rearrangement. Thus, the damage
may depend purely on the conformation in
place at the instant of UV absorption. This
insight should facilitate modeling of different
sites” susceplibility to damage,

Metal in Motion

The structural consequences of electronic
excitation in solids often occur on extremely
short time and length scales, Fritz et al.

{p. 633; see the Perspective by Brock) lever-
age advances in generation of short x-ray bursts
to achieve real-time diffractive measurements of
the lattice distortions in bismuth that follow
electronic excitation by a near-infrared laser
pulse. As the laser intensity is varied, the propor-
tion of excited electrons increases. The bismuth
centers oscillate at steadily decreasing phonon
frequency, which reflects a softening of the lat-
lice. The results agree with theoretical simula-
tions and imply that this softening results from
electronic coupling rather than from inherent
anharmonicity of the phonon-maode potential.
Continued on poge 571
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CREDIT TUMPEY ET AL

This Week in Science
Continuwed from page 569 S .

Community Effects of Climate Change

Most forecasts of ecological responses to climate change assume that these can be based on individ
ual species tolerances for changing maoisture or temperature regimes. Suttle et al. (p. 640; see the
Perspective by Walther) challenge this assumption. In a 5-year experiment, they examined the conse
guences of alternative climate change scenarios in a grassland ecosystem in California, USA. Manipu
lation of rainfall over replicated 10-m diameter plots showed that higher-order species interactions
dictate responses throughout the community. The effects on plant and arthropoed abundance and

diversity were the reverse of what would have been predicted based on individual species responses.

X-ing Out Tumor Suppression

Wilms tumor is a pediatric kidney cancer that can be inherited or arise sporadically. Asmall fraction of
sporadic cases are caused by mutations in the WT1 gene on chromosome 11, which codes for a tran
scription factor regulating kidney development. Rivera et al. (p. 642, published online 4 January) now
show that sporadic forms of Wilms tumor can also arise from mutations in a gene on the X chromosome,
WTX. The function of the WTX protein is not yet known, but the gene’s location on the X chromosome is
of particular interest. Inactivation of most tumor suppressor genes requires lwo separate events or hits.
Because humans carry only one functional allele of all X chromosome genes (in females one allele of
each gene is :-'-I*::lwl..i', the WTX gene presumably can be disabled by a single hit. The discovery of WTX
suggests that X chromosome genes may play underappreciated roles in human cancer,

Limits on Viral Transmission

Transmission between hosts is a crucial choke point in viral evolu
tion—viral fitness is measured by transmission. Tumpey ef al.

(p. 655; see the news story by Enserink) now show that one or two
amino acid substitutions in influenza hemagglutinin that modify its
sialic acid linkage specificity from mammalian to avian greatly reduce
transmissibility of a recombinant 1918 influenza A virus in ferrets,
This implies that hemagglutinin receptor specificity in this pandemic
strain plays an essential role in influenza virus transmission

Stopping Translation

Translation of a protein from its messenger (m} RNA is a complex and highly regulated process. Transla
tion initiation requires many scores of factors and much more sequence information than merely the
AUG “start” codon. The players involved in translation termination are not so clear. Gross et al. (p. 646)
now show that the yeast RNA helicase Dbp5—which is known to have important functions in mRNA
nuclear export and mRNP remodeling in the cytoplasm—plays a vital role in translation termination.

Quality Control in DNA Synthesis

A large variety of covalent modifications of histones, protein components of eukaryotic chromatin,
play an |r11,,.}r|¢:n| role in the regulation of transcription, and in DNA replication and repair, Han et al.
(p. 653} and Dnscoll et al. (p. 649) conlirm that regulation of Tyl transposition gene product 109
(RUE109) is part of the DNA damage response during the DNA-synthesis phase of the cell cycle. It acts
to acetylate histone H3 on lysine 56. Rit109 functions in the same pathway as the histone chaperone
Asll, and is implicated in the stabilization of proteins at replication forks, possibly by coupling DNA
synthesis 1o nucleosome assembly.

Mitochondrial Diversion and Aging

The protein p6&*™ facilitates protein-protein interactions in growth factor signaling pathways. But
mutations in Shc can enhance life span in mammals. This effect appears to depend on a different
function of Shc whereby it exerts oxidoreductase activity in mitochondria and generates oxygen radi
cals that lead to cell death. Pinton ef al. (p. 659; see the Perspective by Hajnoczky and Hoek) now
show that the activity of She in the mitochondria depends onits phosphorylation by protein kinase
C[d and consequent binding of the prolylisomerase Pinl. This leads to a conformational change in the
protein and to its accumulation in mitochondnia. This signaling pathway could provide a target to
help delay aging.
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CREDIT: COMSTOCKACORBIS

Donald Kennedy is the
Editor-in-Chief of Science.

Sustainability

THE THEME OF THIS YEAR'S ANNUAL MEETING OF THE AMERICAN ASSOCIATION FOR THE
Advancement of Science (AAAS) focuses on sustainability and the need for scientific efforts o
guarantee it. In next weeks Editorial. AAAS President John Holdren will point out that human
well-being has muluple dimensions and that the goal of sustainable well-being aims at improving
all of them. His analysis focuses appropriately on how to manage our energy resources sustainably.

In its most straightforward formulation, sustainability would require that a resource be
technically managed in such a way that its contribution to human welfare is conserved or
improved for succeeding generations. But because the term has gained iconie status in the
language ofenvironmental conservation, it’s hardly surprising that it now carries a lot of freight
in particular, a cargo of economie, social. and ethical assumptions and
preferences, leading to different standards and expectations, In the interest
of thinking about these before the forthcoming meeting, here are three
sample sustainability scenarios we might explore,

First, the human population is growing, rapidly in some places (many
developing countries) but unexpectedly slowly inothers (imuch of Europe).
If the objective of sustainability is to ensure the maintenance of available
resource levels on a per-capita basis, then complex and very different
utilization rules will have to be adopted by rapidly and slowly growing
societies. Furthermore, societies of either kind will have to make difficult
decisions about what resource levels are adequate. If each member of a
generation at time f uses substantially more water per capita than is needed
tor his or her basic needs, then is it reasonable for that society to decide on
a future water allocation that meets all of everyone’s needs but no more?
Can it then claim that it has managed the resource sustainably?

Mext, complicated issues of transgenerational equity emerge from
other scenarios, Suppose that at some time £, average per-capita access (o
some resource is adequate. In the 1 = | generation. average per-capita access 1s increased. But
members of the top third in ¢ + | receive substantially more than before, whereas those in the
bottom third get less. and for some of them the allocation falls below the level of essentiality.
Could such a society claim that the resource has been treated sustainably? Perhaps it would
assert that wise conservation has produced a sustainable resource improvement. But most
would argue that the failure of the transformation to manage reallocation equitably leaves 1t
short of achieving a sustainable outcome.

Finally, there are other social and cultural challenges to sustainability that relate to rates of
historical change. For example. societies ofien become accustomed to positive improvements in
average wellare and are likely to insist that the upward trajectory continue. Suppose that the
renewal rate of some resource is slightly higher than that of population growth, so that the annual
increase in welfare on a per-capita basis has been a consistently positive number. Would the
sustainability criterion be met by simply guaranteeing that generation ¢ + 1 has the same welfare
as generation f, or will those in 1 + | feel as though they have losi?

These scenarios suggest a problem with the concept of sustainability, which turns out not to
be just about resource use, efficiency of utilizaton, and conservation. Instead. the term carries
with it strong social, economic, and culwral attributes. Different societies will therefore create
their own definitions of sustainability and their own criteria for achieving it. and they are likely 1o
set about the task in their own ways. Articles in Science’s 2003 “State of the Planet” issues, now
included in a book of the same ttle, have shown how small groups dependent on common-pool
resources work out their own solutions and develop the means to enforce them.

Extending such successes to large-scale problems such as depletion of marine fisheries or
global climate change is a difficult challenge. But more local successes have shown that
social capital and broad participation in rule-making are important ingredients. In thinking
about sustainability, prevailing economic, social, and ethical dimensions will be important
factors in deciding what can work, Indeed, these are likely to dominate the technological
aspects of resource management.

- Donald Kennedy

10,71 26/5cience. 1139909
www.sciencemag.org SCIENCE WVOL 315 2 FEBRUARY 2007

573



574

EDITED BY GILBERT CHIN AND JAKE YESTON

PSYCHOLOGY
Calibrating Confidence

One of the challenges in reasoning by means of a deliberative and conscious
process is the weighting of evidence that is reported by other humans. For
people sitting as jurors in a trial, this translates into deciding whether to
believe what a witness says. Previous studies have demonstrated that confi-
dently uttered statements are believed more often and that being accurate
on other issues, even those peripheral to the adjudicated question, is con-
ducive to being believed.

Tenney et al. show an interaction between these parameters in mock
trials of civil (car accident) and criminal (burglary) cases. Two witnesses
were equally confident in asserting their recollections of how the accident
had occurred, yet one was uncertain about other events that had taken place
on that day whereas the other professed a complete and accurate recall.
Subsequently, both witnesses were shown to have been correct about the
weather conditions at the time of the incident, but both were also shown to
have been in error in placing a personal appointment (entirely unrelated to the
accident) on that same day. Although, as expected, the credibility of the supremely
confident witness was rated higher initially, the less confident witness was
regarded as being more credible after their fallibility had been revealed. — G]C

BIOMEDICINE
Remodeling the Joint

Rheumatoid arthritis is a debilitating autoimmune
disorder that is charactenized by a profound
remodeling of tissue architecture at the joint,
which results, most notably, in a permanent loss of
bone. Therapies that reduce joint inflamma-
tion have been somewhal successful in
delaying the onset and progression of the
disease, but they have not been able to
reverse joint damage once it has
occurred, Because the recovery of joint
function in rheumatoid arthritis will
probably require therapeutic
approaches that trigger the forma-

tion of new bone, there is growing
interest in understanding the molecu-
lar mechanisms that regulate bone
remodeling within the joint,

Following up on previous evi-
dence that identified the Wit signal-
ing pathway as a determinant of
bone mass, Diarra ef al. investigated
whether manipulation of this pathway would affect
joint pathalogy in mice overexpressing the pro-
inflammatory molecule tumor necrosis factor—c
{TNF-c), a widely used animal model of human
rheumatoid arthritis. They found that the anti-
body-mediated blockade of Dickkopf-1 (DKK-1),
which is an endogenous inhibitor of Wit signal-

Fsypchal, Sei. 18, 46 (2007).

ing, induced the formation of osteophytes (bone
spurs) at the inflamed joints and also prevented
the resorption of bone by specialized cells called
osteoclasts. As was consistent with the mouse dala,
they observed that DKK-1 was expressed at aber
rantly high levels in joint specimens from humans
with rheumatoid arthritis and that in both species
DKK-1 expression was induced by TNF-tx.
These results identify the Wnt pathway as an

important regulator of joint remodeling in

rheumatoid arthritis. Because Wit signals

influence both the formation and the destruc
tion of bone, future therapies targeting
this pathway could in principle be

Bone erosion (pitted surfaces)
in a mouse model of rheumatoid

arthritis.

applied not only to rheumatoid arthri
tis, which is characterized by bone loss,
but also to osteoarthritis and other
diseases of the joint. — PAK
Nat. Med. 10.1038/nm1538 (2007).

ECOLOGYFEVOLUTION

No End of History

Teasing aparl the relative roles of historical and
contemporary climatic elements in determining
species richness is one of the core quests of bio-

geographical research. Hitherto, success has
been limited because of the correlative nature of
models used. Rahbek et al. have developed a
new class of spatially explicit, mechanistic mod-
els that use individual species distributions as a
basic currency. Application of these predictive
models to the distributions of birds in South
America shows that current climate explains the
distributions only of the most widespread
species. Their results indicate that historical fac-
tors and communily assembly processes may be
more important in determining the distributions
of species with narrower ranges; these species
are, of course, generally of greater relevance in
terms of conservation efforts. In tum, this adds
to growing appreciation of the importance of

incorporating longer-term considerations in con-

servation planning. — AMS

Proc. R. Soc. B 274, 165 (2007).

PHYSICS
Looking for Lorentz Violations

Although symmetries underlie deep principles
in physics (such as the conservation of momen-
tum}, ultraprecise measurements have revealed
slight exceptions such as the CP (charge-parity)
violation in some radicactive decays. Lorentz
symmetry, which dictates that experimental
measurements should not depend on whether
the apparatus is moving at steady velocity or

2 FEBRUARY 2007 MOL 315 SCIENCE  www.sciencemag.org
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standing still, is a comerstone of special relativ-
ity. However, some researchers believe that
there may be extremely small violations of
Lorentz symmetry which, if measured, could pro
vide tests of string theory and quantum gravity.

Experiments are now underway to search for
Lorentz violations by trapping antihydrogen
atoms. Altschul has calculated the properties of
another possible expenimental test known as
vacuum Cerenkov emission. High-energy
charged particles passing through matter give
off light, such as the eerie blue glow of radioac
tive waste in a storage pool. If Lorentz symmetry
is violated, particles moving through empty
space may also emit Cerenkov light. Observing
such emission would be extremely difficult but
could serve as a valuable complement to the
antimatter experiments, — DV

Phys. Rev. Lett. 98, 041603 (2007).

OCEAN SCIENCE
Singing Vents

Mid-ocean ridges are dotted with hydrothermal
vents termed black smokers. From these towers,
dark streams of mineral-laced hot water bubble
oul to enrich the deep ocean and provide niche
environments for many organisms. Little is

Listening in.

known, however, about the patterns of
hydrothermal flow from individual vents. As a
means of monitoring the flow, Crone et al. have
recorded the sounds of two black smokers,
"Sully” and "Puffer,” on the Juan de Fuca ridge
2200 m below the ocean surface. Submerged
acoustic sensors provided close to 200 hours of
recorded data. Both vents proved noisy, exceed-
ing the ambient level by 10 to 30 dB. Broadband
acouslic signals were measured at frequencies
up to 500 Hz, possibly generated from a
combination of volume changes in the flow,
turbulence enhanced by fluid heterogeneity, and
chimney vibration. Single tones sang out over
the top, perhaps indicating resonant frequencies
of the cavities. The authors speculate that such
sounds could be used by organisms living near
black smokers for navigation and to avoid the
scorching water, — |8

PLo% ONE 1, e133 (2006).

EDITORS'CHOICE

CHEMISTRY
Resolving More with Less

Appending homogeneous catalysts to an
oligomeric or dendritic support can concentrate
active sites close to one another and thereby
enhance the efficiency of cooperative processes,
This approach has shown particular promise with
the cobalt(lll}-salen—catalyzed hydrolytic kinetic
resolution of chiral epoxides, a highly selective
reaction of interest because of the versatility of
epoxides as precursors to pharmaceutically impor-
lant targets. Mechanistic studies have indicated
that two metal centers act cooperatively in this
system, and catalysts with multiple Co-salen cen-
ters assembled as part of the backbone of a cyclic
symmetrical oligomer have proven effective.
Zheng ef al. extend this strategy by preparing
salen ligands substituted with cyclooctene and
then using Ru-catalyzed ring-expanding olefin
metathesis to create macrocycles with Co-salen
maoieties as pendant groups. The resulling com-
pounds catalyze highly selective resolution of a
range of alkyl- and aryl-substituted chiral epoxides
at Co loadings as low as 0.01 mol %. The authors
attribute the efficiency of this system to the spatial
flexibility of the tethered metal centers, — PDS
J.Am, Chem. Soc. 129, 10.1021/ja0641406 (2007).

PHYSIOLOGY
Obesity: in the Brain or the Gut?

Although some blame high-fat foods for the
global spread of obesity, the mechanistic connec-
tion is not solid. The hormone leptin regulates
body weight by binding to receptors in the hypo-
thalzamus and initiating signaling via JAK2, STAT3,
and PI3K transducer molecules. JAK2 is a cyto-
plasmic tyrosine kinase and is the targel of sev-
eral regulators, including the SH2-B family. Mice
whose SHZ2B1 is systemically knocked out become
leptin-resistant and obese and develop type 2
diabetes. Ren ef gl. have found that if SH2B1 is
restored specifically to neural tissues, the obese
mice stop overeating, the hyperlipidemia is cor-
rected, the leptin sensitivity is restored, and the
obesity reverses. Nevertheless, therapeutic target-
ing of this signal may not be a simple matter if, as
suggested by Ley ef al. and Turnbaugh &f al.,
obesity can be mediated by members of the gut
flora. It appears that obese mice and humans
have a greater proportion of Firmicutes in their
gut flora and that they extract energy from food
mare efficiently (because of the bacterial capacity
for breaking down indigestible polysaccharides)
than the Bacteroidetes group that dominates the
flora of lean mice and people. Moreover, obesity
in mice can be induced by infection. — CA

J. Clin fnvest. 10.11724C129417 (2007); Nature

444, 1022; 1027 (2007).
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You Stand in Front of Our Instruments All Day...
We Stand Behind Them...24x7

High-Value, Substantially Expanded Services

from Applied Biosystems

With aver 25 years of expenence in the development, manufacture, and service of innovative instruments, and with

over 1000 highly trained, dedicated service professionals, AB Global Services is uniguely qualified to deliver a full suite of
real-world lab services. From Remote Services to On-Site Application Consulting to Qualification and Professional Services
and everything in between, AB Global Services is your value-added partner 1o help boost your productivity and maximize

the return on your technology investment.

s [nstrurment Repair and Maintenance * Professional Services
* Smart Services = On-Site Application Consulting
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How do
Postdocs
Spell

Success?

-

Here’s your link to career advancement

AAAS is at the forefront of advancing early-career researchers
offering job search, grants and fellowships, skill-building
woarkshops, and strategic advice through ScienceCareers.org

and our Center for Careers in Science & Technology.

NPA, the National Postdoctoral Association, is providing a
national voice and seeking positive change for postdocs —
partnering with AAAS in career fairs, seminars, and other
events. In fact, ARAS was instrumental in helping the NPA
get started and develop into a growing organization and

a vital link. to postdoc success.

IFyvou're a postdoc or grad student, 2o to the AAAS-NPA link
to find out how to spell career success.

AAAS.org/NPA
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CREDITS: (TOP AND FAR RIGHT) GRAN/COMFRERIE DES GENS DE LA MER: (LEF, TOP TO BOTTOME AIP: ART FORMS IN MATURE: THE PRINTS OF ERNST HAECKEL, PRESTEL-VERLAG, MUNICH AND NEW YORX COURTESY MUSEE OCEANOGRAPHIOQUE DE MOMACO

Creationism in Russia

A Russian court is scheduled to resume
hearing testimony on 21 February in the
country’s first legal challenge to the teaching
of Darwinian evolution.

Mariya Shraiber, 16, an 11th grader at pub
lic school No. 148 in 5t. Petersburg, has sued
the Russian Ministry of Education and Science,
claiming—on the basis of an obscure law gov
erning political parties—that the
school's biology textbook offends
her religious sentiments because it
does not allow for other theories,
such as creationism, She also con
tends that the science in The Origin
af Species is unproven and derived
from Marxist-Leninist ideology.

The case—dubbed the
"Monkey Process” by the Russian
press as a nod to the Scopes trial
is being promoted by a mavenck
Russian public relations agent who
set up a Web site called
antidarvin.ru. Mariya’s father Kirill,
who is representing her in court, says his daugh
ter does not belong to any particular faith,

The plaintiffs have the support of members
of the Russian Orthodox Church, some of whom
have reqularly attended the court proceedings.
Russian scientists are less enthusiastic. Nobel
Prize-winning physicist Vitaly Ginzburg has
characterized the lawsuit as “disgusting obscu-
rantism and delinum.”

Andrei Fursenko, the country’s education
and science minister, suggested last month in a
radio interview that he is not averse o amend
ing the textbook to include a variety of theories.

Plankton Art

At the turn of the 20th century, German naturalist and
illustrator Ernst Haeckel captured the beauty of plankton
and jellyfish (right). And when Monaco's Prince Albert |
built the Monaco Oceanographic Museum and Aquarium in
1910, one of the designers transformed two of Haeckel's
drawings, including one of an elaborate medusa, into
chandeliers (below). The connection between Haeckel's
creations and the
Art Nouveau move-
ment in architec-
ture and design will
be explored in an

Edwin Hubble and
James Jeans with
the 100-inch Mount
Wilson telescope

in California in

the 1920s.

Revising the
Universe

In the 19205, astronomers tussled over whether
the unmiverse has more than one galaxy, Less
than a century earlier, the chemical composition
of stars was unknown and, according to one
philosopher, unknowable. Focus an how our
understanding of the universe took shape at

Cosmic Journey,
a new history of
cosmology from
the American
Institute of Physics
(AIP) in College
; Park, Maryland.
The exhibit
traces intellectual
developments from
the ancient Greeks'
Earth-centered
universe to the
modern idea that
an enigmatic dark
energy is speeding the
expansion of the uni-
verse. Visilors can also
follow the technologi
cal breakthroughs that
apened up the cosmos,

including refracting lelescopes, spectroscopy,
and radio astronomy. Biographical pages cover
figures such as American astronomer Edwin
Hubble (1889-1953), whose observations
crushed the single-galaxy model of the universe
and revealed that it was expanding. ==

www.aip.org/history/cosmology
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exhibit at the meeting of the American Society of Limnology
and Oceanography next week in Santa Fe, New Mexico,
On display will be jewelry, glassware, woodcamvings, paint-
ings, photographs, and even a quilt—a rare treat for con-
ventioneers tired of gazing at posters and vendor displays.

Z FEBRUARY 2007

Slaves' camp.
Selow: Tromelin,

On 31 July 1761, a French ship carrying

122 sailors and &0 slaves from Madagascar to
Mauritius was wrecked off the tiny Indian Ocean
island of Tromelin. The crew built a raft and
sailed the 470 kilo-
meters back to
Madagascar, leav
ing the slaves with
a 3 months’ supply
of food and promises that they would be res
cued. Fifteen years later, a French ship picked
up the only survivors, seven women and an
8-month-old baby. Before they were freed and
lost to history, the women told their rescuers
that they had kept a fire going continuously for
the entire 15 years.

Last fall, 10 French researchers flew to the
1-square-kilometer 1sland, where France main
tains a weather station, and spent a month look
ing for traces of the slaves’ ordeal. They found a
wall of a building constructed from pieces of
coral and sandstone, as well as some copper
bowls and the bones of tortoises and fish.

At a press conference in Paris on 17 January, the
team also disclosed finding the oven in which
the slaves had burnt pieces of the wrecked ship.
From the layering of residues, they concluded
that the fire had indeed burned until the rescue.

Expedition leader Max Guérout of France's
Marine Archaeology Research Group says that the
findings represent one of the rare instances in
which “we have historical and archaeological
evidence about slavery at the same time.” More
details are at www.archeonavale.org/Tromelin.
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A BRAIN REVEALED. Hendrikje van Andel-
Schipper (above) was the world’s oldest
person and a minor celebrity when she
died in 20035 at the age of 115, Now, many
months after her decision to donate her
body to research (Science, 9 September
2005, p. 1670, her name is at the center of
i CONMroversy,

On 23 January, anatomist Gert Holstege
{lefty of the University Medical Center
Groningen (UMCG) in the Netherlands
named Van Andel in a study published
online by Newrobiology of Aging. Later
that day. the center’s governing board
reprimanded him for revealing her
identity, Although Holstege disagreed
with UMCGS charge that he'd violated
Van Andels pri-
vacy, he asked the
journal to retract
the paper pending
a resolution. The
journal agreed.

Holstege
the medical cen-
ter’s suggestion to
delete Van Andel’s
name makes no
sense because her age and other details
would be a dead giveaway. Besides. says
Holstege., she had talked about her planned

SAVS

donation to reporters and “would have
loved™ the posthumous spotlight. “She
was sosharp, [ almost wanted her asa grad
student,” he said about Van Andel, whose
brain he called comparable to that of
someone in her 60s.

Got a tip for this page? E-mail people@aaas.org

IN THE COURTS
INVENTORS, KEEPERS. After a protracted
legal fight with Duke University, physicist John
Madey of the University of Hawaii, Manoa, has
been reunited with a free-electron laser he built
2 decades ago. Madey plans to use the device
to explore quantum-mechanical interactions
between light and atoms and molecules.
Madey developed the laser at Stanford
University and brought it with him to Duke in
1988. When Duke forced Madey out as head of
the laser labin 1997, he sued, claiming patent
infringement. Duke, which kept the laser after
Madey left a year later for Hawaii, claimed the
right to use it for academic research. In 2003,
a federal appeals court rejected Duke's argu-
ment. Madey and Duke reached a settlement
last year, and the machine arrived at his lab
in January. | always knew it would happen,”
Madey says. “It was just a question of when.,"

HONORS

BIOCLOUT. Molecular biologist Nancy Ho of
Purdue University in West Lafayette, Indiana,
has won many accolades for her work on
enzymes that make biofuels. But none matched
her invitation to attend last week’s State of the
Union Address by President George W. Bush,
who wants to boost biomass research funding.
“I'm really very grateful for the honor,” says Ho,
who sat one seat away from First Lady Laura

FORGOTTEN GENIUS. Percy Julian’s synthesis in 1935 of physostigmine, used to treat

EDITED BY YUDHIJIT BHATTACHAR]EE

Bush. The diminutive
(5 foot, 1 inch)
scientist almost dis-
appeared from view,
however, when the TV
cameras zoomed in on
the honoree next to
her, the 7-foot, 2-inch
basketball player—
turned-philanthropist
Dikembe Mutombo.
Mo problem, she says: The important thing is
the newfound attention for her field.

MARINE 505. AU.S, and a Chilean ecologist
will share a 658,000 research prize from
Spain’s largest bank, Banco Bilbao Vizcaya
Argentaria’s foundation has recognized
leremy Jackson of the Scripps Institution of
Oceanography in San Diego, California, and
Juan Carlos Castilla of the Catholic University
of Chile in Santiago for lifetime achievements
in marine conservation,

Jackson has studied the effects of the
closing of the seaway that once joined the
Pacific and Atlantic and has highlighted the
devastating effects of overharvesting. Castilla
has done experiments involving manipulation
of rocky shore flora and fauna of Chile and
tested "learning by doing” approaches to
fisheries management.

\" 0

glaucoma, has been called one of the 25 most important achievements in chemistry of the
20th century. In 1973, Julian became only the second African American to be elected to the
National Academy of Sciences (NAS). But his accomplishments didn’t stop racists from fire-
bombing his home when Julian moved to the all-white Chicago suburb of Oak Park, lllingis,
shortly after World War II. Although his neighbors decried the attacks, a greater deterrent
may have been Julian’s decision to spend night after night perched in a tree, shotgun in hand.
Julian used the time to teach his then—10-year-old son about bigotry and intolerance.

Julian's story, “Forgotten Genius,” will air 6 February on many PBS stations
(pbs.org/wabh/novasjulian). As Catherine Hunt, president of the American Chemical Society,
said last week at an NAS screening of the show, "Percy Julian heard the word ‘no” many times in
his career and in his life, ... and yet he persevered.”
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From Two Mutations, an Important
Clue About the Spanish Flu

HIV is lethal but not all that infectious;
the common cold spreads easily but is

fairly innocuous, The Spanish lu virus of

19181919 had the worst qualities of both,
which is why it killed more people than World
War [ did, But although virologists have
learned a lot about the combination of genes
that made the virus so deadly, they could only
speculate why it spread so casily.

No longer. A study published by Science
this week (p. 635) confirms what many had
suspected: A small change in
the virus’s hemagglutinin
(HA}—a glycoprotein sitting
on its surface by the hun-
dreds—makes the 1918 virus
more “avian” and unable to
Lransmit I"ll.."l‘p'u't.'l..'l'.l I;_'I'I'L'l.‘i, cvien
though it sull sickened them.
Those same changes in reverse
may be what started the 1918
catastrophe—and what could
Kick off the next one as well.

“This 1s world news.” says
fu virologist Ron Fouchier of
Erasmus Medical Center in
Rotterdam, the Netherlands,
“This answers the million-
dollar question of how an
avian virus can become trans-
missible between mammals,”
Still. exactly how the change
in HA
twi |‘.II'I]I'I[ mutations n.:ml::r:-i [I'I.L‘ VITus
impotent remains unclear, Fouchier says.
Nor does it answer an even more urgent
question: Could a similar set of mutations
turn the bird Hu virus H5N1, now devastat-
ing poultry in many countries. from an avian
scourge into a human nightmare?

The HA in human flu viruses, such as the
annual strains now sickening millions in the
Northern Hemisphere. preferentially binds to
areceptor on host cells that features a sialic
acid bound to galactose through a hinkage
called o=2.6. This receptor predominates in
both human and ferret arways. By contrast,
avian viruses such as H3N1 have an HA with

which required just
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a shightly different shape that prefers o bind o
a sialic acid linked to galactose through an
=23 link; these are in the majority in bird guts,

Based on that knowledge. researchers
had suggested that the 1918 virus arose
when an avian virus acquired mutations tha
gave it its predilection for -2.6, thus
becoming more “human™ in nature, If 50,
reversing those mutations should be able 10
“avianize” the 19138 virus and make itunable
to transmit among humans. says Terence

Small change. Two point mutations may have been enough te turn an avian virus into
the 1918 flu, which killed more people than World War |.

Tumpey of the U5, Centers for Disease
Contrel and Prevention (CDC) in Atlanta,
Cieorgia, the main author of the new study.

So Tumpey, with colleagues at CDC and
Mount Sinai School of Medicine in New York
City. took the 1918 virus—which was resur-
rected over the past decade and is now the
subject of intense study (Seience, 7 October
2005, p. 28)—and made a few point muta-
tions. One gave it an affinity for both the
=23 and o-2.6 receptors, One more switched
its preterence completely toward =23,

When the rescarchers inoculated ferrets
the best animal model for human lu
intranasally with high doses of these two

viruses, as well as the original 1918 strain, all
three caused severe disease, But the ferrets 1o
watch were those living in the cages next to
the sick ones, With the original 1918 strain,
they, oo, became infected and got sick. With
the strain that had a mutation that made 1t bind
to both ¢-2.3 and «-2.6 receptors. transmis-
sion was inefficient: two out of three ferrets in
adjoining cages developed antubodies,
although neither became really ill, In the
strain that bound to ¢-2.3 only. there was no
transmission whatsoever.

The study provides the first direct evi-
dence that receptor preference is key to trans-
mission, say s virologist Mikhail Matrosovich
of the Mational Institute for Medical
Research in London. But why a few point
mutations ¢an have such a dramatic effect is
less clear, he says, Although
o-2.6 receptors predominate
in ferrets, they also have «-2.3
receptors, as do humans: that'’s
why the avianized virus was
able to infect them. So why
couldn't this strain make the
Jump to the next cage?

One clue lies in sudies last
vear that showed that human
cells with o-2.3 receptors
occur primarily deep in the
lungs. from where the virus
ity not so casily escape. o-2.6
receplors, In contrast, were
found primarily in the upper
respiratory tract. Another hint
15 that the ferrets infected with
the avianized virus didn’t
sneeze, Tumpey says: its not
hard to see why that would
reduce transmission in ferrets.

Several groups, meanwhile, are trying to
find out iIFHSM 1, too, could become a human-
1zed virus through a few mutations in HA.
Mutations in other genes are probably neces-
sary as well, says Yoshihiro Kawaoka of the
University of Wisconsin. Madison, and the
University of Tokyo, and if humankind is
lucky. researchers may discover that the com-
bination of changes needed is unlikely to
oceur in nature. But in any case, knowing in
advance what it takes would give scientists
something to be on the lookout for in dead
birds and human patients, Fouchier says—and
ring the alarm bell if necessary.

=MARTIN ENSERINK
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Small Brains, Big Fight: ‘Hobbits’ Called New Species

CGiong! The latest round in the “hobbit™ wars
15 under way. This week, a research team pre-
sented new data 1t says support the con-
tention that a diminutive. small-brained
hominid found on the Indonesian island of
Flores truly represents a new species, The
study. published online by the Proceedings
of the National Academy of Sciences
{PNAN), directly contradicts a paper pub-
lished by skeptics last August in PNAS,
which argued that the hobbit was a modern
human with a severe deformity called
microcephaly (Science, 25 August 20006,
p. 1028). The new study compares the hobbit’s
puny brain to nine microcephalic brains and
finds that the hobbit does not resemble them.

But although some researchers find the
new work persuasive. scientists on both
sides of the debate agree that it doesn™t
deliver a knockout punch and that only new
fossil discoveries are likely to resolve the
controversy, “This paper helps.” says pale-
ontologist Fred Spoor of University College
London, “but we need another [hobbit]
braincase to really settle i.”

The team, led by anthropologist Dean Falk
of Florida State University in Tallahassee,
includes hobbit discoverers from Indonesia

and Australia plus an international squad of

radiologists. They had already compared the
hobbit brain with one microcephalic brain
and declared the two distinet (Science, 8 April
2005, p. 242), but entics found the single case
unconvineing, So Falk and company created
three-dimensional reconstructions of nine
microcephalic and 10 normal human brains,
using computed tomography scans of the
interiors of the skulls. They looked for param-
eters with which to distinguish microcephalic
brains from those of normal humans and
tound two: the width of the frontal lobes rela-
tive to the width of the cerebellum, and the
extent to which the cerebellum protrudes
trom the back of the brain.

When the team added the hobbit to the
analysis, it fell neatly into the normal human
group. Moreover, two microcephalic brains
that other researchers had claimed resem-
bled the hobbit’s (Science, 19 May 20006,
p. 983) grouped with the microcephalic
brains. “The most reasonable conclusion is

wWWww.sClencemag.org

that it represents another
species of Home,” says Falk,
Anthropologist Ralph
Holloway of Columbia
University, who reported
a comparison of six
microcephalic endocasts
at a meeting last March,
says that the paper “does a
good job of showing that [the
hobbit] does not have the
typical ... microcephalic
morphology.” Neverthe-
less, Holloway remains
troubled by what he sees
as other signs of defor-
mity in the lone hobbit
bramcase, meluding a pro-
nounced flattening of the
brain and abnormalities in the
frontal lobes, *1 would not throw out the
pathology possibility yet. There is something
about this brain that just doesn’t seem right.”
But a lew skeptics want to throw the Falk
paper out entirely, “It is incomplete, biased,
and musleadimg.” says anthropologist Macieg
Henneberg of the University of Adelaide in

METABOLIC RESEARCH

Canadian Group Claims

Mo media splash greeted the completion of
the Human Metabolome Project last week,
although the sponsor boasts it 15 “the
chemical equivalent of the Human
Genome Project.” The University of
Alberta in Edmonton, Canada, announced
that a small group of researchers with
7.5 million from the Canadian govern-
ment has created a “comprehensive”™ data-
base of human metabolites. calling 1t “the
starting point for a new era in diagnosing
and detecting diseases.”

Since 2004, the scientists have assem-
bled an mventory of 2500 molecules pro-
duced by metabolic reactions in the bodys
tissues and fluids. The Canadian project has
been low profile until now, but the trumpet-
ing of a completed “first draft™ metabolome
astonished some observers, Noting that the
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Mismatch? The shape of the hobbit's
brain (top) is different from that
of an adult microcephalic.

Australia, a co-author
of last August’s PNAS
paper. Henneberg argues
that the Falk team’s sample
s1ze was oo small—at least 30
specimens are needed, he says—and
should have included Austrome-
lanesians. the aboriginal peo-
ples of the region, On the
other hand. the team should
not have included four
microcephalic children in
their analysis, says anthropol-
ogist Robert D. Martin of the Field
Museum in Chicago, [llinois.
Henneberg notes that Falk and the discov-
erv team had argued previously that the hob-
bit soris not with normal modern humans but
with early hominids. Stay wned: Falk says
her next move 15 to add ancient homimds o
her plot, and the discovery team hopes 1o dig
again on Flores.
=MICHAEL BALTER

‘Unique’ Database

human genome was 90% complete when
geneticists announced a dralt, Gary Siuzdak
of the Scripps Research Institute in San
Diecgo, California, savs. 1 would be sur-
prised if 2500 [entries] represents even
107%™ of the human metabolome.

Still, the metabolome project leader,
David Wishart, a biophysicist and computer
scientist at the University of Alberta, says
he’s pleased. The product. described in a
recentarticle in Nucfeie Acids Research, 15 a
free. public database (www.hmdb.ca) that
some observers view as a solid first effort,
Wishart and 39 co-authors—including five
from the University of Calgary in Canada
desenbe the database as “unique.”

The collection, which opened on | Janu-
ary, covers endogenous human metabolites,
mainly from human tissue or gut bacteria, p
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(A separate database covers drug metabo-
lites.) Wishart says the project began with
“text mining” of “dusty textbooks and
ahscure 111'+|.1rn:!]:-;" to scoop up and validate
previously identified metabolites.
Importantly, says Wishart, the collection
provides more than 400 searchable “finger-

prints,” images of the atomic spectra of

metabolites captured with nuclear magnetic
res0niance Or milss 5[31,'5,'11'!!5&.‘1.1]1}'. l.l!'il.:rﬁ
studying a specific metabolite can call up a

“MetaboCard” that shows this fingerprint, if

available, along with data on disease rele-
vance, biofluid concentration, metabolic
pathway, and many other topics.

Yet other metabolome rescarchers point
out that there's a lot missing from the col-
lection. Wishart and his colleagues nar-
rowed their inventory to metabolites found

PHYSIOLOGY

at a concentration of | micromole or more,
This simplified the task but eliminated tens
of thousands of substances. Although
Wishart says the present collection is
05% complete at 2500 entries, the group’s
paper acknowledges that if every small mole-
cule in the body were to be included “the num-
ber of compounds might exceed 10,000,

Its hard to define what'’s been left out,
says Jeremy Nicholson of Imperial College
London, head of an industry-backed project
on potential toxicities in metabolic inter-
actions—many of them difficult to detect
(Science, 11 November 20035, p. 963). He

views the database as “just a list™ of

detectable metabolites, although a useful list,

lan Blair, a metabolomics leader and
vice chair of pharmacology at the Univer-
sity of Pennsylvania, says the Canadian

project made “quite a good start™ on a com-
plete database, although comparing it to the
human genome 1s “over the top.” Siuzdak.
biochemist Julian Griffin of the University
of Oxford, UK., and several others are each
leading independent efforts to build
metabolome databases that could rival the
Canadian effort,

Wishart acknowledges that the response
to the metabolome’s first draft has been
“mixed.” And he agrees that the estimate
that the catalog 15 Y3% complete 15 based
on “a bit of a fuzzy number.” But he con-
siders the Canadian metabolome database
the best and most user-friendly available.
His big concern now is how to keep the
project afloat after 2007, when govern-
ment funding is scheduled to end.

—-ELIOT MARSHALL

Odor of Food Hastens Dieting Flies’ Deaths

Put a fruit fly on a near-starvation diet. and
it is likely o live much longer than its well-
fed cousins. But 1if it smells food odors,
some of the life-stretching effects of the diet
disappear. researchers report in a study
published online by Science this week
(www.sclencemag.org/cgl/content/abstract
1 136610). The finding adds to a growing
body of evidence that an organism’s percep-
tions of its environment can have a big
impact on its longevity,

Molecular geneticist Cynthia Kenvon of
the University of Californa, San Francisco,
and her colleagues first smiffed out the link
between life span and perception. In 2004,
for example. Kenyon and postdoe Joy
Alcedo reported that fryving nematodes’
olfactory neurons with a laser prolongs the
worms’ lives. Zapping centain taste neurons
also promotes longevity, but destroving
another one cuts survival,

To turther probe the link between smell
and life span. geneticist Scott Pletcher of
Baylor College of Medicine in Houston,
Texas, and colleagues placed fruit flies on
an ascetic diet known as calorie restnction,
which slashes food intake and can extend an
animal’s life by up to 30%. The researchers
then planted tantalizing (at least to
Drosophila) veast paste in a screened-off
end of the insects” home tubes: the bugs
could smell and see the goodies but not eat
them. Although the calone-restricted thes
lived longer than normal, they died sooner
than similarly hungry insects not exposed to
the veast scent, The aroma had no impact on

Unhealthy glow. An inserted gene, marked by
fluorescence (green) and expressed in antennae,
restored this fly's ability to smell and shortened its life.

survival in well-fed Drosopfiila.

Further support that the sense of smell
affects life span came when the researchers
measured survival in flies harboring a
mutant form of the protein Or83b. The mol-
ecule helps direct odor receptors into posi-
tion in the fly’s olfactory organs, which are
part of the antennae, and a faulty Or83b
dulls the sense of smell. It also stretches fly
longevity by up to 56%, the researchers
found. Like many long-lived organisms,
flies with mutant Or83b showed increased
resistance to stresses such as starvation and a
pure oxyeen atmosphere. Restoring func-
tional Or83b returned fly longevity to normal.

Manv animals with extended life spans

dial down insulin signaling ( Science,
6 April 2001, p. 41). However, levels of fly
insulinlike proteins didn’t differ between
the normal and Or83b-mutant insects, sug-
gesting that odor exerts some of its
longevity effects through another pathway,

The results “point out a central role for
environmental perception in mediating life-
history decisions.” says Pletcher. The smell of
food might cue animals o live tor the moment
because imes appear to be good. Butif nutr-
ents are scarce, animals hunker down to await
better conditons, boosting their resistance o
stress and aging more slowly,

“It’s incredibly exciting that the group
has been able to show a link between the
olfactory system and life span.” sayvs molec-
ular genetcist Stephen Helfand of Brown
University. The work reveals that “vour
brain has control over vour life span.”

The findings might also help clarify
whether reduced food intake or another
stimulus spurs calorie resiriction’s physio-
logical changes. This study establishes that
“some component of the response to caloric
restrictiion 1s oltactory,” sayvs Kenyon.

So far, no evidence indicates that scent
regulates vertebrate life span. However. says
Kenyon, that the effect occurs in animals as
distantly related as nematodes and flies indi-
cates it could. Another unknown is whether
other smells shorten longevity, And Plewcher
notes that the presence of life-extending and
life-shortening sensory neurons in nema-
todes “suggests that we could find odors that
increase life span.” ~MITCH LESLIE
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2008 U.5. BUDGET

Ocean Research Gets a Modest Boost

It's more than a drop in the bucket. But the
540 million increase for U.S, ocean research
proposed last week by the Bush Administration
for 2008 falls far short of the torrent that two
prestigious commissions said 3 years ago was
needed to deal with declining fisheries, climare
change, and a host of other problems in the seas.

The research bump is part of a 5143 million
spending boost for ocean projects in the presi-
dent’s upcoming 2008 budget request; Admin-
istration officials announced the increase in
advance of the budgets 5 February submission
to Congress. [t covers four areas ageed as pri-
orities in the next 2 to 5 vears: natural hazards
in coastal areas, basic research comparing
marine ecosystems. new biosensors, and the
role of Atlantic Ocean currents in rapid climate
change. Most of the overall spending increase,
il approved by Congress, would go to the
Mational Oceanic and Atmospheric Adminis-
tration (NOAA), although the smaller research
pot would be split almost evenly between
NOAA and the Mational Science Foundation
(MNSF ). with the US. Geological Survey getting
a tiny portion.

*This 1sn"t good enough: its of by a factor
of 2.7 says Admiral James Watkins, a retired
navy officer who co-chairs the Joint Ocean
Commission Initiative (JOCI). a 1ask force
that lobbies for progress on recommendations
made by the two commissions. In 2004, the
ULS. Commission on Ocean Policy issued a
report that called for a 5-yvear doubling, to

UMPEIBLMNOAL MDML

= Charting the course, The proposed new research
& funding covers priority topics such as the Atlantic
£ currents that influence climate change.

$1.3 billion. of federal spending on ocean sci-
ence. Still. some advocates see the Bush
spending plan as a step in the right direction,
and they also like anaccompanying long-term
research plan put together by an imeragency
group, “1 think that’s a very good sign for the
future of the feld” says Robert Gagosian, for-
mer director of the Woods Hole Oceano-
graphic Institution in Massachusetts and an
adviser to the ULS. Commission and JOCL.
The report was drafted by the White
House's Joint Subcommittee on Ocean Sci-
ence and Technology, which began working
on it in 2005, After a public meeting in April
last year. the panel compiled 21 priority top-
ics for ocean research that fit into six broad
areas important to society, such as sustain-
able use of ocean resources and minimization
of natural hazards, Agencies also identified
near-term priorities in ocean research with
the greatest impact and urgency. and sug-
gested how much could be spent ineach area.
The final figure “is in the ballpark™ of
what was proposed, says Julie Morris, head
of the division of ocean sciences at NSE one
of the participating agencies. But the real
surprise wias the White Houses willingness
to fund any initiative in the upcoming
2008 budget, says Margaret Leinen, Morris’s
former boss. who last month stepped down
as head of NSF's geosciences directorate.
“Nobody was thinking that it wouldn’t
happen. but having it rolled out in "08 was
very satisfving,” says Leinen, now chief
science officer for Climos, a greentech start-
up company based in San Francisco, Califor-
nia (Science, 22 December 2006, p. 1847).
NOAA would get $123 million of the pro-
posed $143 mullion in new spending. a
9.2% increase over the agency’s request last
vear. (Its 2007 budget., like that of all domes-
tic agencies, is still unresolved.) The new
funds would cover 338 million for coral reef
conservation and restoration of salmon habi-
tat. $25 million to help end overfishing, and
540 million for research support, including
$16.4 million for the Integrated Ocean
Observing System, an embryonic network of
sensors and buoys that has mostly been
funded by earmarks. Although that amount
would be far below the $70 million proposed
for 2007 by a Senate spending panel {Science,
21 July 2006, p. 280}, it is listed for the first
time as a separate budget item, a step that
observers say demonstrates the Adminisira-
tron’s commutment o developing the system.
NOAAS share also includes $20 million »

Italian Center Back to Life

ltaly's government is poised to rescue the Bio-
medical Research Center in Palermo. The project
in regenerative medicine was jointly sponsored
by the University of Pittsburgh and Palerma’s
ISMETT organ transplantation research center
(Science, 27 October 2006, p. 577). More than
100 ltalian scientists living abroad protested a
government plan to withdraw support last year.
Mow the government has submitted a finance
bill that would provide $340 million rather than
the %410 million first proposed. The downsizing
has forced a project review, but ISMETT says it
hopes to begin recruiting staff later this month.

=FRANCESCO DE PRETIS

Stern But Kind at NASA

MNASA Administrator Michael Griffin has found a
new chief for the agency's beleaguered earth
and space sciences program, insiders say.
Griffin has been introducing S. Alan Stern,
executive director of the Southwest Research
Institute in Boulder, Colorado, around NASA's
Washington, D.C., headquarters as a successor
to Mary Cleave, who announced last September
that she would leave this spring. Stemn, a plan-
etary scientist, is the principal investigator on
MNASA's Pluto—Kuiper belt mission and an advo-
cate for lunar exploration—music, no doubt, to
Griffin’s ears. His challenge will be to preserve
the agency’s $5.5 billion commitment to sci-
ence projects in the face of a flat budget and
the growing appetite of NASA's human flight
program. Stern did nol return messages, and a
NASA spokesperson declined comment,

-ANDREW LAWLER

More Direction for NIH

The freighterlike momentum of the National
Institutes of Health (NIH} makes it notoriously
hard to turn, but on 8 July the $28 billion
agency will get a new steersman. Alan M,
Krensky, a pediatric nephrologist and immunol-
ogist at Stanford University School of Medicine
in Palo Alto, California, has been named direc-
tor of the NIH office of portfolio analysis and
strategic initiatives, a newly created post to help
NIH Director Elias Zerhouni craft his agenda of
high-priority programs known as the Roadmap.
Krensky will also run a team that tracks spend-
ing across all NIH divisions and evaluates how
well the agency hews to ils goals.

Krensky, 56, already a consultant for the
agency, says an important part of his job will
be to align NIH spending with societal con-
cerns such as the burden of specific diseases,
His office will not impose priorities, he
insists, but rather "facilitate” decisions by

NIH institute chiefs.

=ELIOT MARSHALL
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for priority research, NSF would get 517 mil-
lion. and 53 million would go to the US. Geo-
logical Survey for mapping the sea floor and
monitoring water quality, NOAA is stll decid-
ing which existing programs will receive the
520 million and how much would be extra-
mural research, says Richard Spinrad,
NOAAS assistant administrator for oceanic
and atmospheric research,

And although the plan spells out NASAS
critical role in ocean research, there was no

GEOLOGY

mention of the agency at the 26 January
press conference. “1'm shocked,” savs Len
Pietrafesa of North Carolina State Univer-
sity in Raleigh, especially given last
maonth’s report from the National Acade-
mies” National Research Council highlight-
ing the 30% decline in NASA's carth sci-
ence budget over the past 6 years. Dan
Walker of the White House Office of Sci-
ence and Technology Policy, which worked
on the research plan, says NASA is

already contributing 1o ocean research,

Watkins says he will continue lobbying
Congress to boost overall ocean funding to
the level recommended in a recent report
from JOCL And he says he's optimistic that
the new Democratic-led Congress will do
better than its Republican-led predecessor.
This week, forexample, JOCT gave the nation
a failing grade on funding for the field.

—ERIK STOKSTAD

With reparting by Jeffrey Mervis.

Indonesian Mud Volcano Unleashes a Torrent of Controversy

A mud voleano on Java that has destroyed
four villages since it began erupting
8 months ago will likely continue spewing
“for many months, i not years.” according to
the first published scientific report on the
disaster, But experts are sparring over two
points: whether the eruption was trggered by
an carthguake or a gas well and whether any-
thing can be done to stop it

The volcano, known locally as “Lusi,”
roared to life on 29 May 2006 when steam
and mud burst to the surface about 200 meters
from an exploratory gas well near the coastal
city of Sidoarjo, 700 kilometers east of
Jakarta. The mud, up to 10 meters deep in
places, has engulfed approximately
3.6 square kilometers and displaced more
than 10,000 people.

Several geologists on the scene con-
cluded that the rupture was related to the
drilling (Science, 29 September 20006,
p. 1865). But some Indonesian officials
have pinned the blame on a magnitude-6.3
earthquake on 27 May 2006 that leveled
parts of the ancient capital Yogyakarta,
280 kilometers southeast of Sidoarjo.

The new report discounts the carthquake
scenario. After analyzing the site’s geology,
Richard Davies, a geologist at Durham Uni-
versity in the UK., and colleagues argue that
the drilling penetrated a highly pressurized
and permeable limestone formation about
2800 meters deep. In the absence of a casing
to proteet the drill hole, fluid gushed back up,
sutfusing sediments and forcing mud to the
surface through new fissures,

Daviess scenario, in this month’s issue of
(54 Today, has sparked a vigorous debate. [t
“convincing,” siays Michael Manga. a geolo-
gist at the University of California, Berkeley,
who has studied how earthquakes trigger vol-
canic eruptions. Manga says that in the
Sidoarjo case. “the earthquake was too small
and too far away™

Others are not so sure. The G54 Today
report is “hased on many speculations.” says
Adriano Mazzini, a geologist at the Univer-
sity of Oslo. The hypothesis relies on “unre-
leased geologic data,” which Davies
describes as drilling imformation provided o
a co-author by a “reliable individual.”™ His
team also gleaned details from press releases
and Web sites, but they have not visited the
site, Davies says, Mazzini, on the other hand,
went to Sidoargo last fall to gather mforma-
tion and mud. *I'm working on a paper with
real samples and real data,” he says. But
Mazzini is hedging his bets: “The earthquake
could have contributed.” he says: "It 15 also
possible the drilling contributed.™
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Up and out. In a proposed scenario for Indonesia’s
mud eruption, a gas well is drilled far below a
pratective casing into permeable limestone, about
2800 meters deep (A). Pressurized fluid escaping
from the limestone formation fractures overlying
strata (B) and carries mud to the surface (C).

A lack of consensus has exposed a rift in
the government. Abunzal Bakne, minister of
people’s welfare, maintains that the mud vol-
cano is a natural disaster and not the result of
human negligence. His family s Bakrie
Group conglomerate partly owns Lapindo
Brantas. the drilling Firm responsible tor the
hole, Last December, Indonesian President
Susilo Bambang Yudhoyono ordered
Lapindo Brantas to pay $420 million in com-
pensation to local residents.

A more pressing concern is whether the
flow can be stanched. “1 would guess that
stopping the eruption is impossible.” says
Manga. Mazzini and Davies agree. But last
fall, William Abel, a Houston, Texas—based
drilling expert who advises Lapindo Brantas,
predicted that a relief well to intercept the
onginal well 2100 meters down would allow
engineers to plug the leak. However, work on
the relief well was halted before it reached
the target depth. After sinking more than
540 million into the relief well, *Lapindo
Brantas has no more money. everybody has
gone from the [drilling] site. and the rig is
being taken down,” says Rudi Rubiandini, a
petroleum engineer at the Institut Teknologi
Bandung who advises Indonesias Ministry
of Environment. Abel did not respond to a
request for comment,

For now, the government is letting nature
take its course. The mud. spurting at up to
[ 30,000 cubic meters per day, is being chan-
neled into a river that carries it to the sea. “Itis
difficult to predict how long the process of
venting from the subsurface may continue if no
action is taken.” says Roger Sassen, a geo-
chemist at Texas A&M University, College
Station, who studies mud volcanoes. And the
disaster may even widen: Davies predicts that
the mud-laden region may subside or evencol-
lapse into caverns created by subterranean ero-
sion, taking with it any hope the villagers have
of ever retuming home, ~DENNIS NORMILE
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In Embryos, Pancreas and Liver Reach
Full Size in Different Ways

As they morph from a clutch of cells to an
elaborate system, organs stop growing, How
they know when to do 50 has been an endur-
ing mysterv—and an increasingly important
one as researchers pursue strategies aimed
at regrowing tissue and even whole organs,

In & study published online this week by
Nanwre, Douglas Melwon, who co-directs the
Harvard Stem Cell Institute in Boston, Mass-
achusetts, and his colleagues suggest that the
pancreas and liver have different strategies for
determining their final size. The scientists
report that destroving cells destined to
become the pancreas leads o a proportionally
smaller organ, whereas the liver reaches nor-
mal size despite the loss of starting cells,

Reesearchers knew that the pancreas has a
lackluster capacity to regenerate in adults,
but many “expected ... there would occur
compensatory growth™ in embryos, says
Palle Serup of the Hagedorn Research Insti-
tute, a division of Novo Nordisk, in Gen-
tofte, Denmark. Melton's results indicate
that powerful growth signals to the pancreas
come from its own progenitor cells rather
than from molecules elsewhere, says Serup.
Still, some caution that the potency of'exter-
nal signals shouldn™ be discounted. Pedro
Herrera of the University of Geneva in
Switzerland notes that a paper he co-authored
last vear showed that upregulating the
molecule beta-catenin in mice produced a
pancreas four times larger than normal.

In previous work, Meltons group had iden-
tified pancreas progenitor cells by a gene they
expressed, Pdv/. In the new study, Melton and
two members of his lab, Ben Stanger, now at
the University of Pennsylvania, and Akemi
Tanaka, used a clever technique to ablate
Pelv -expressing cells in mouse embryos, The
scientists genetically engineered mice so that
cells activating Pevf would also turn on an
inserted gene that encodes diphtheria toxin
unless the animals were given the drug tetra-
cycline. To control the proportion of embry-
onic Pay f-expressing cells killed by the toxin,
they gave pregnant mice tetracyeline at difter-
ent times in their pregnancy. The researchers
found that embryvos whose mothers weren™t
given the drug until about 10 days into their
development lost 60% of their P/ cells and
their pancreases grew to 36% of the normal
size. Even when the antibiotic was adminis-
tered early and few cells were lost, the pan-
creas ended up smaller than normal.

wwww.sciencemag.org

In a second experiment, Melton's group
began with mouse embryvos lacking Py /
altogether and injected them with different
amounts of Padvl-producing cells. They saw
the reverse effect: The more cells expressing
Pelv ! the embryo received, the larger its pan-
creas rned out to be,

In the case of the liver, when Melton's
group ablated at least 63% of early hepatic
cells, organ growth was back to normal
4 days later. When it comes to regenera-

Stunted. Killing pancreatic progenitor cells in the first
days of the organ’s development left a mouse with a
pancreas (fop, arrow) that weighed less than half as
much as a normal mouse pancreas (bottom).

tion, “the hiver 15 a Ferrary,” says Ken Zaret
of the Fox Chase Cancer Center in
Philadelphia, Pennsylvania,

The new study “tells vou something very
fundamental,” savs Chris Wright of Vanderbilt
University in Nashville, Tennessee. Like
Melton, Wnght believes that organs such as
the blood skin. and intestine contain stemcells
that throughout life can proliferate and restock
those tissues—as blood 1s replenished after a
donation. But progenitor cells for other
organs. including the pancreas, may naturally
undergo only a precise number of cell divi-
sions. That limit would set the size of the
organ, and the cells would have more diffi-
culty restocking tissue later in life. Melton
wonders which zenes “are setting this intrinsic
limat™ and 15 now planning to look tor them.

~JENNIFER COUZIN
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Sharing a Killer

The drive to share flu viral samples and infor
mation is gathering strength. On 26 January,
the execulive board of the World Health Orga-
nization (WHO) adopted a resolution that
urges member states to “ensure the routine
and timely sharing” of biological samples and
genetic sequence data related to novel and
potentially pandemic flu viruses, including
H5N1, recovered from humans and animals.
David Heymann, who heads WHO's pan
demic influenza efforts, says the resolution is
“a first step towards developing the political
will for free sharing of viruses and genetic
sequences.” The resolution, to be taken up in
May by the WHO assembly, would formalize
practices for sharing flu samples and informa-
tion and could pave the way for proposals to
transfer vaccine development technologies to
developing countries. It is “essential” to com
pare sequence data from human and animal
viruses, says llaria Capua, a virologist at Istituto
Zooprofilattico Sperimentale delle Venezie in
Legnarao, Italy. =DENNIS NORMILE

Hubble Loses an Eye

The main camera aboard NASA's orbiting
Hubble Space Telescope has conked out, jeop
ardizing much of the work currently proposed
for the aging scope. On 27 January, an electri
cal short in Hubble's Advanced Camera for
Surveys (ACS), by far the most popular of the
telescope’s four instruments, killed the cam-
era's ability to see deep and wide. "It's really a
blow to Hubble science,” says ACS principal
investigator Holland Ford of Johns Hopkins
University in Baltimore, Maryland.

Installed in 2002, the ACS is the workhorse
for broad surveys that probe the structure of the
cosmos. NASA engineers are pessimistic about
the prospect for repairs, although a camera
scheduled to be installed next year will be able
lo do some of ACS's work. ~ADRIAN CHO

Asia Boosts Science Bonds

BANGKOK—Science chiefs of the Association
of Southeast Asian Nations (ASEAN) member
states have pledged to ease travel barriers and
to intensify research collaborations. Meeling
here last week, the officials agreed to ask their
governments for collaborative flagship pro
grams on disaster early-warmning systems, bio
fuels, open-source software, and foods that
prevent disease; details will be hammered out
at a meeting in Vietnam in April. With ASEAN's
main fund %4 million below its $10 million
goal, supporters hope industry will pitch in,
=RICHARD STONE
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Judging Jerusalem

Has the palace of King David or Solomon been found? How big was
their capital? New excavations and a bitter dispute over chronology
put Jerusalem in the archaeological spotlight

PERCHED ON A NARROW AND WINDSWEPT
hillside and remote from a major trade route.
the Jerusalem of 3 millennia ago was
ignored by Mesopotamian archives and
rated only a brief mention in Egyptian

chronicles. And despite a century and a half

of excavations, archaeologists have yet to
uncover incontrovertible evidence of the
impressive capital described in biblical texis
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from which King David and his son
Solomon presided over a wealthy empire
from the Nile to the Euphrates.

Now. new excavation of a massive build-
ing in Jerusalem has imensified an acrimo-
nious debate among archaeologisis and bib-
lical scholars over how o date and interpret
finds from that early era. The excavating
team, led by archaeologist Eilat Mazar of

SCIENCE

Hot pots. Shards from Eilat Mazar's dig in
Jerusalem are at the center of the heated debate.

Hebrew University in Jerusalem, contends
that the discovery bolsters the traditional
view that a powerful Jewish King reigned
from a substantial city around 1000 B.C.E.
“The news is that this huge construction was
not built by ancient Canaanites.” she says,
referring to the people who hived in the
region before the Jews. And she goes a step
further, arguing that the site 15 probably that
of David’s palace. Mazar says she will soon
publish new radiocarbon dates to back up
her ¢laim. But other archagologsts are hes-
itant to assign the building’s wdentity, and
some question the dating. The city was “a
typical highland village™ until a century or
s later, says Tel Aviv Umiversity archaeolo-
gist Israel Finkelstein, whose critique of
ancient Jerusalem’s mfluence has made him
a target of scholarly ire (see sidebar, p. 591).
That would make the biblical accounts
wildly exaggerated, at best.

Academic spats about the dating of Iron
Age cooking pots are not uncommaon, but
this one spills over into pohitical and religious
disputes as well. “You have similar situations
throughout the ancient Near East, but they
don’t create the same level of emotion.” says
Lawson Younger, an epigrapher at Trinity
International University in Deerfield Hlinois.
Many nationalist Israelis and devout Chris-
tians are eager to prove the accuracy of the
stories about David and Solomon, whereas
some Palestinians suspect that Jewish-
funded excavations aim at legitimizing
Israeli control of a city that to Muslims 1s
second only to Mecca.

The tension over Jerusalem’s past was evi-
dent at recent meetings at Brown University
and in Washington, D.C.,” where participants
argued—sometmes loudly and angrily
about dating pottery shards, the influence of
Jerusalem 3000 vears ago, and the politics of
funding digs. Resolving the contentious mat-
ter ultimately depends on refined dating tech-
niques and a wider array of anifacts and sites.
“What took place in the 9th and 10th cen-
turies B.C.E. all depends on who yvou talk to,”
savs Anson Raney, a Tel Aviv University
archaeologist. “It’s all up in the air”

No simple site

Jerusalem sits squarely in the center of the
Levant region, which connects Africa and
Asia. But most of the ancient wraffic of

" "The Jerusalem Perspective: 150 Years of Archaeological
Research”™ at Brown University, 12-14 November 2006,
and the American Schools of Orental Research annual
meeting, Washington, D.C., 15-18 November 2006.

wwWw.sCiencemag.org
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merchants and armies passed to the west,
hugging the flat and well-watered
Mediterranean coast (see map, p. 390).
Deep in the hills between the Judean
desert and the coast, Jerusalem is much
younger than other sites in the region such
as Megiddo or Jericho. Likely named for a
Syrian god, the town is mentioned as early
as the 19th century B.C.E. in Egyptian
writings. Excavations show that 5 cen-
turies later the site was fortified by a peo-
ple called the Jebusites, who are associ-
ated with the Hittites of Anatohia,

According to biblical texts, Jewish tribes
began to infiltrate the region by that tnme, set-
ting up the southern kingdom of Judea and
the northern kingdom of Israel
and finally conquering independ-
ent Jerusalem under King David
around what textual scholars esti-
mate was the vear 1000 B.C.E.
David united the two kingdoms,
and the Old Testament relates that
his son Solomon turned the town
into a showplace of the united
monarchy. building several lavish
buildings n Jerusalem and
nearby cities. His empire col-
lapsed shortly after his death,
however, and the two kingdoms
split, Jerusalem remained the
capital of Judea for another 4 cen-
turies but was destroved by Baby-
lon’s King Nebuchadnezzar, who
took many Jews into captivity,

There 15, however. no direct
archaeological evidence for the
existence of the brief united
monarchy and its empire.
Decades of excavations in the
City of David—Ilocated just
south of the later city and just
below what Muslhims call the
Harim al-Sharif and Jews dub
the Temple Mount— provide an
intriguing glimpse into the
ancient town. But the data are
difficult to interpret. “Jerusalem is not a
simple archaeological site.” explains
Amihai Mazar, an archaeologist at Hebrew
University. Stone was quarried and reused
over millennia. erosion has taken a toll on
the steep hillsides, and excavations since
the 1800s have sometimes added to the con-
fusion. And some of ancient Jerusalem is
oft-limits to archacology because of politi-
cal and religious sensitivities.

Now Eilat Mazar—a cousin to Amihai
Mazar in the intimate world of Israeli archae-
ology
digging at what she argues is likely David’s
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has wrapped up her second season of

palace. She announced her initial finds last
year, making headlines around the world. In
2003, her team started digging at the top ol a
large stepped-stone structure located at the
narrowest point of the hill that makes up the
City of Davad. That structure, an impressive
37 meters high, is made up of stone terraces
that many archacologists date to the 12th cen-
tury B.C.E.. prior to the arrival of the Jews.
Mazar, whose work is largely funded by a
Jewish-American investment banker, has
uncovered a large building on top of the
structure. and she believes both structures
were erected at the same time. “It's very
clear this 15 one huge construction,” she
savs, Her current excavation shows a build-

David's city. Mazar's dig is south of the Dome of the Rock (top leff) and in the
neck of the teardrop-shaped hill that is the site of early Jerusalem.

ing that covered as much as 2000 square
meters. She adds that the complex appears to
stand outside the original Jebusite city, and
both the new buillding and more elaborate
pottery left after the building’s construction
mark a clear break with the past. The site,
Mazar notes. also matches biblical verses
that talk of King David descending from his
palace, indicating that it was on a high place.

Other archaeologists, although united in
their conviction that Mazar’s find 1s
extremely important, are skeptical. Some
maintain that it 1s more likely to be a Jebusite
citadel rather than a palace built by David or
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Solomon, whereas others queston whether
the complex can ever be accurately dated,
given its poor state of preservation. “The
building is in bad shape. and so far she has
not found a floor,” notes Gabriel Barkai, an
archaeologist at Bar-lIlan University in
Ramat Gan who recently visited the site.
That means “we have to rely on a chronolog-
ical sandwich.” adds Amihai Mazar, who
also s familiar with the dig,

Time troubles

The key, then, 1s datung the elaborate pottery
on the wop and the coarse pottery on the bot-
tom of that sandwich. And that 15 no easy
matter, because no Jerusalem samples were
radiocarbon-dated prior to
Mazar's recent finds, Earlier
archaeologists had not bothered
to gather organic samples
because radiocarbon dates for
historical time periods were

| or 2 centuries. Newer calibra-
LHONSs can sometimes pinpoint
dates to within 30 yvears ( Science,
15 September 2006, p. 1560),
but it has taken time to adopt
them. “Using radiocarbon in his-
torical times 15 quite a young
subject,” Amihai Mazar says. As
a result, archaeologists here
have dated sites based solely on
pottery styles,

Eilat Mazar dates the com-
plex to about 1000 B.C.E., a date
based both on new radiocarbon
data as well as her interpretation
of the pottery found at the site.
Although many others see the
plain ware as typical of the early
Iron Age—1that is, around the
12th c¢entury B.C.E.—she
belicves it was used in Jebusite

the Jews' arrival, Mazar has also

taken three new radiocarbon
samples of bone and olive pits from under
the building——the first samples in Jerusalem
to be subjecied 1o radiocarbon dating.
These were associated with the plain pot-
tery. and they date from 1050 B.C.E. to
1000 B.C.E.. give or take a half-century
just prior to the time of David. she says. She
also found a fourth sample at a later level
associated with more elaborate pottery with
Phoenician and Cypriot influence, in what
appears to be an addition to the building.
That material, which she believes was used
by the early Jews in Jerusalem, dates to
between 1030 B.C.E. and 780 B.C ., with
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Jerusalem right up to the time of
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one analysis pinpointing the most likely
date to about 930 B.C.E.

The radiocarbon data have vet to be
published, but even without them, Barka,
Amihai Mazar, and most other archaeolo-
gists who work in the area say that
Jerusalem’s pottery-based chronology is
good enough, if inexact, Others—including
Finkelstein—vehemently disagree and are
agitating for a more accurate system that
anchors the pottery firmly to radiocarbon
dates. They point to the many carbon-14
samples obtained to the north of Jerusalem in
the old kingdom of Israel. A team of lsracli
scientists has taken more than 500 radio-
carbon measurements from more than
50 samples from 25 sites. primarily in the
north. Those results, says team member llan
Sharon of Hebrew University, provide com-
pelling evidence that the conventional
chronology is off by a century. placing
events earlier than they occurred.

After visiting Mazar's dig this week,
Finkelstein says the building may be as late

as the 6th century B.C.LE I s0, the picture of

a 10th century united monarchy with monu-
mental buildings falls apart, “There 15 no evi-
dence for a glamorous capital of Jerusalem.”
he maintains. For him, the biblical accounts
of Selomon’s golden age were wntten cen-
turies later, with an eve to contemporary pol-

All in the Family

As a young archaeologist digging in the City of David, an ancient site just
south of walled Jerusalem, Eilat Mazar unearthed huge pottery vessels
buried just before Nebuchadnezzar, the king of Babylon, destroyed
Jerusalem 2500 years ago. The pots were stamped with ancient Hebrew
writing—and she could read it. The moment crystallized her sense of
belonging to the contested city. “This was my language, not some foreign
tongue, and it speaks to who | am today and where | was born,” Mazar says.

Today, at 50, Hebrew University archaeologist Mazar is wrapping up a
second season uncovering what could be the most significant archaeolog-
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itics rather than historical accuracy. Archae-
ologist Raf Greenberg of Tel Aviv Univer-
sity adds that the countryside around
Jerusalem lacks the villages one would
expect to support a substantial town or city.
“In the late 8th century B.C.E., there was
rapid development, but we find zilch before
then,” he says. “Jerusalem is the worst possi-
ble site for agriculture and can only sustain
optimistically—about 500 people.”

But those who back the conventional
chronology dismiss this view as uninformed

at best and foolish at worst, They say the
early Jewish city was well-fortified. included
monumental buildings and structures. and

operated as an important regional power, if

not as the large empire imagined by biblical
writers. Mazar’s find provides additional evi-
dence of a significant eity, says Jane Cahill,
an archaeologist based in Houston, Texas,
who is associated with Hebrew University
and has dug in the City of David: “The
stepped-stone structure is the most impres-
sive monument in Israel until classical
omes.” Cahill estimates that 10th century
B.C.E. Jerusalem, extending over 12 acres or
5 hectares. was home to 1200 w 1500 peo-
ple—small compared o contemporary cities
such as Babylon, but large for the Judean
highlands of the era.

Finkelstem’s and Greenberg’s views are
angrily challenged by many Jerusalem
archaeologists, who accuse them of taking
an extreme “minimalist™ view that the Bible
offers little or no zuidance for historians, “1
believe in the accuracy of the biblical
accounts—I1 don’t think they invented King
Solomon.” declares Barkai. Cahill takes
Finkelstein to sk for mixing northern and
southern pottery, which she says are cultur-
ally distinet. She also notes that Cypriot and
other foreign pottery in Eilat Mazar’s build-
ing tie it neatly to the 10th century B.C.E.

other. But she insists her attachment is purely scholarly: “I've never felt a
religious connection to my work.”

The connection, however, is deeply felt. She was outraged in 2000 when
she leamed of building activities on the Temple Mount, an important site
that is called the Harim al-Sharif by Muslims, who have controlled it for
miost of the last millennium. Mazar formed a committee to protest destruc-
tion of antiquities on the site but was disappointed when Israeli authorities
took little action. She adds that her protest is not religious or political:
“Islamic monuments are being destroyed too. This is a site important to the
world's cultural heritage.”

But some Palestinians find that hard to square with Israel’s own

ical find in Jerusalem’s history: the palace of the king
who, according to biblical texts, united the ancient
Israelites (see main text). For her, excavating in
Jerusalem is more than a purely scientific endeavor; it
is also a family affair, heavily steeped in the complex
history, politics, and religion of the place.

Mazar grew up in a secular home which nonethe-
less included innumerable editions of the Bible and
commentaries on it. She still prizes the Bible once
owned by her grandfather, Benjamin Mazar, a
renowned archaeologist and Polish emigrant. “He was
my main teacher relative to thinking and methodol-
ogy, and how to combine historical sources with
archaeclogy,” she says. Mazar's attachment to those
sources is legendary; she is fond of saying that she
digs with one hand while holding the Bible in the

Palace puzzle. A
her Jerusalem ¢

policy about excavations. Hamed Salem, a Birzeit
University archaeologist who lives near Mazar's cur-
rent dig, explains that “the Palestinian view is that
this dig is illegal” because the territory is consid-
ered occupied by the Israelis under international
law. "Archaeology is supposed to be neutral,” says
Salem. "The conclusions which come out of this
excavation will not be on a purely scientific basis.”
And a few Israeli archaeologists fear that her fund-
ing, which comes through Jerusalem’s Shalem Center,
a Jewish research institute, creates at least
the appearance of a nationalist rather than purely
scientific endeavor.

Mazar, however, insists that she is not digging to
prove anyone's preconceived notions. “1'm trying my
best,” she says, “to keep an open mind.” =A.L.
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And other archacologists note that the lack
of evidence for neighboring villages could
be due to their establishment on exposed
bedrock, leaving few traces behind.

When pressed. however, Jerusalem
archaeologists admit that their dating
remains maddeningly imprecise. “We don’t
have firm dates until we get o [Assyrian
King] Sennacherib in 701 B.C.E..” says
Rainey. “The question is whether radio-
carbon dating can solve anything.” Barkai is
deeply skeptical. “Given the margin oferror,
radiocarbon allows evervone to argue
the position they already hold.” he says.
“Carbon-14 is like a prostitute.” But others
acknowledge that resolving the conflict uli-
mately depends on more samples to provide
absolute dating—which means firmly
anchoring the pottery to radiocarbon dates.
“There is no other way,” says Ayelet Gilboa,
a Haifa University archaeologist who is part
of the radiocarbon team.

Amid the dispute, which at umes appears
bitter and deeply personal, there are signs of a
convergence, “We all agree Jerusalem was
not a major city, it was a small wown,” says
Amihai Mazar, Adds Herschel Shanks, editor
of Biblical Archaeological Review: *Tt wasn™t
this big wonderful thing ... but a capital of a
few small villages.” Cahill agrees that
although Jerusalem was “a splendid city™
compared to other highland towns, it was “a
poor and sad place™ compared o the metrap-
alises of its day. For his part. Finkelstein
acknowledges that Jerusalem may have
expanded starting as early as 970 B.C.E.—in
the late 10th century and only 50 yvears later
than the position held by Cahill,

Divisive agendas. however, are inherent
in the debate, Eilat Mazar's work 1s done in
partnership with the Ir David Foundation,
which says it is dedicated to “strengthening
[srael current and historic connection to
Jerusalem.” Mahmoud Hawari, a Palestin-
1an archaeologist at Oxford University,
warns that “you cannot avoid a political and
ideological motivation in discussing David
and Solomon. Biblical archacology has
tried to prove that link and has served mod-
ern Zionism.” But Mazar defends her fund-
ing. “I'm doing pure research, and no one
tells me what to do or write.”

Ultimately, better data from tools such as
radiocarbon dating could provide a clearer pic-
ture of the ancient city. Gilboa believes a wave
of data could lead to *a new and more vigorous
biblical archacology™ that uses the Bible as a
guide rather than diktat. That approach night
allow archacologists to shed more light—
and generate less heat—on Jerusalem's Iron
Age predecessor, ~ANDREW LAWLER
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Holy Land Prophet or Enfant Terrible?

By suggesting that biblical figures such as David and Solomon were, at mosl, unimposing tribal
chieftains ruling from a nondescript hill town, lsrael Finkelstein has made himself a lightning
rod. His controversial views about what took place 3000 years ago touch a nerve among many
nonacademic Israelis, evoking angry letters in the country’s newspapers from people question-
ing his patriotism.

It's an ironic position for a self-described “mainstream Zionist” who grew up in the first Zion-
ist settlement in what is today Israel. The 57-year-old Tel Aviv University professor is the ringleader
of a small number of researchers who dispute the way archaeologists date their finds in the area
around Jerusalem (see main text). If these scholarly renegades are correct, then the military
exploits of Joshua, the brave deeds of David, and the wisdom of Solomon may be no more histor-
ical than the medieval tales of King Arthur. Finkelstein says
he wants to bring modern technigues to a rather fusty field
that in his view depends too heavily on biblical texts—but his
critics suspect his real goal is to grab the media spotlight.

Finkelstein insists he didn't go looking for trouble. He
recalls a “perfectly normal” childhood in which he pestered his
parents to take him to archaeological sites. And until the
1980s, he published papers backing the conventional archae-
ological chronology. He used poltery to date sites and assumed
that the biblical texts provided a good road map for excava-
tors. But that changed in the early 1990s, when Palestinian
uprisings forced him to give up digs in the highlands north of
Jerusalem. He moved to the lowland city of Megiddo, 150 kilo-
meters north. Famed as the New Testament site of Armaged-
don, the ancient town was the home of an impressive gate and
palace long considered Solomaonic.

At Megiddo, Finkelstein sensed something fundamental
was wrong with the dating, so he plunged into carbon-14 sam-
ple gathering, which at the time was rarely used at historical
sites. "Radiocarbon opened the way to put ourselves on solid
ground, free of all these arguments about the Bible,” he says. At about the same time, a team of
researchers from several Israeli universities independently began to conduct carbon-14 analyses.
They say they have good—although not conclusive—evidence that the conventional dating in the
north of Israel is off by a century. That would mean the Megiddo structures were built after
Solomon—and after the biblical united kingdom—by local rulers.

The radiocarbon data fueled Finkelstein's interest in, and suspicions of, the biblical accounts.
After in-depth study, he says he decided that much of what was written about the era of David and
Solomon was done long after the fact for political purposes. That conclusion led him to guestion
archaeological work in Jerusalem, where he has never excavated. And it also created a political and
religious as well as an academic firestorm,

In the wake of the Holocaust, Israeli leaders, although secular, drew on the stories of fierce fight-
ers and wise kings to create what Finkelstein calls “the myth of the new Jew, the fighting Jew.” His
critics—at meetings, in books, and in newspapers—railed against him as irresponsible and sensa-
tionalistic, “He's a radical, politically and otherwise,” says William Dever, an archaeologist emeritus
at the University of Arizona, Tucson. Dever has worked in Israel for 50 years and has known
Finkelstein since he was a high school student. “Even then, he was insufferable,” Dever maintains.
“For him, this is a kind of game and an ego trip. ... He has become too outrageous.”

Jane Cahill, an archaeologist associated with Hebrew Universily, agrees that Finkelstein
“requires his detractors to carry the burden of proof” and that he “resorts to bellicose rhetoric.”
Finkelstein dismisses the criticism as the last gasp of a conservative establishment that is suspi-
cious of new technigues, fears undercutting the Bible, and is jealous of someone who works well
with the media; Finkelstein is a frequent television commentator, and his book sales are brisk. But
he admits that he can come across as something of a bully. “I have a big mouth, and | know how
to protect myself—I'm streetwise.”

But even Finkelstein feels the heat sometimes. At a recent conference in Washington, D.C., he
purposely avoided a session on 10th century B.C.E. Jerusalem. “It's not good for my health,” he
explained with a hint of embarrassment. “I have daughters, and | have to try to survive,” =A.L.

Bad boy. Finkelstein is nearly as
controversial as his theories,
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Of Race and Cancer

African-Americaifivomen are more likely to develop
aggressive breasttumors than are Caucasians. e
Funmi Olopade is¥rying to understand why ':'

: h

CHICAGO, ILLINOIS—The breast cancer
patients Olufunmilayoe Olopade saw as a
resident at Cook County Hospital in
Chicago reminded her of home. In her
native Migeria, as in the Chicago, Illinois,
neighborhoods served by Cook County, the
women she saw with breast cancer were
often poor, black. unusually young. and
very ill. Chicago was a world apart from the
agos that QOlopade had left behind in 1982,
She had come to the United States o collect
a brother who had dropped out of graduate
school, Instead, she wound up settling in
this snowy city, Working at Cook County,
she became intrigued by the cancer paral-
lels: Often the tumors were aggressive, the
patients were you
Chi . they we
African descent. “What is this abouwt
remembers thinking.
Twenty-five vears later, that question

and. in racially diverse

" she

anchors Olopade’s expansive and frenetic
efforts to unravel the disparities of breast
cancer. Its long been known that black
women, although less hkely to sufter from
the disease than whites, are far more likely
to die of it. a difference traditionally attrib-
uted to lack of access to health care. But

disproportionately of

Olopade and a number of other scientists
are finding something else: In more than a
documented that
breast tumors in African-American women
tend to be more aggressive, less responsive
to treatment. and more likely to strike
before menopause than breast tumaors n
whites and other ethnic groups. The differ-
ences persist even when statisticians adjust
for every variable they can think of, from
body weight to education o the cancer
reatmenmt ._'1" <.
Still, the “science of disparity.” ¢

dozen studies. th

Olopade hkes to call i, remains on the
periphery of oncology research. Onco
worry that by focusing on it, they’ll be per-

OL1sls
ssive of the very real gull in
rally relug-
tant to seek physiological distinctions
between race
and it causes people so much stress to con-
clude there may be a difference”™ in biology,
says Wendy Woodward. a radiation oncol-

gist who treats breast cancer at M. D,
Anderson Cancer Center in Houston, Texas.
She recently reported that even when black
women with breast cancer receive the same
treatment as whites in clinical trials, their

ceived as disn

access to care. And they're ge

Its such a contentious issue,

SCIENCE

chance of developing incurable metastases 15
about 20

ONopade, a commanding m
radio announcer’s voice, was one of the first
tocall attention to these differences in the late
19905, Today, she treats patients at the Uni-
versity of Chicago (U Chicago), where she

reater.
with a

also runs a 1 2-person molecular biology lab
and participates in a vast, multimillion-dollar
s of stress on breast cancer
sceptibility in mice and people. Her net-
work 15 growing. Last vear. she inspired the
founder of Crate and Barrel, the home fur-
nishings retail cham, to help raise 51 million
tor the university s breast cancer research
eftorts. In 2005, the MacArthur Foundation
rewarded her with one of its S300.000,
no-strings-attached “gemus™ g
Olopade. who goes by the nickname
Funmi, is using her MacArthur money to
trace the biology of disparity to where its
roots m lie, in Africa. Her efforts
intensified afier tumor samples she col-

lected 3 vea y from women in N

led an even higher rate of

th'.l!i mnaA [.l'IL':'IH-.""L]]'IL‘!'ll..';lII.
WO n sting that genetics may partly
explain the difference.

SL

CREDAT: D DI UM I ERSITY OF CHICAGO MEDICAL CENTER




RCE: AMEND ET AL CANCER RESEARCH 17 &4 (20048} IMAGE CREDIT: MARLA BRAMANAUINIVERTETY OF MICHIGAN

Troubling differences
Studying disparity was not
what Olopade first had in
mind, When she arrived at the
University of Chicago. she
focused on the genetics of
leukemia and lymphoma and :ﬁ'ﬂﬂ
later on breast cancer, Two BILRE
genes that conferred a high

risk of breast cancer, BRCA! and BRCAZ,
had recently been discovered, and Olopade
established a clinic to counsel and treat
women with BRCA mutations and other
high-risk characteristics.

Many of the young black women in her
clinic who had not inherited 88 CA mutations,
Olopade noticed. nonetheless seemed to
develop a form of breast cancer that closely
resembled that seen in BRCA/ carriers. Known
as estrogen-receptor-negative (ER-negative)
breast cancer. these tumors are not fueled by
estrogen and do not respond to drugs such as
tamoxifen and raloxifene that cut off their
supply of the hormone. They also tend to
metastasize and spread more quickly than
ER-positive tumors,

As a breast oncologist, “vou really get hit
in the face with the relatively unique or differ-
ent cancers that are afflicting women of
African background,” says Lisa Newman,
director of the breast care center at the Uni-
versity of Michigan, Ann Arbor. Like
Olopade, she was struck by the young age of
many of her black patients—and indeed.
studies have shown that 3 1% of African-
American breast cancer sufferers are under
age 30; the comparable figure for white
Americans is 21%. Furthermore, systematic
survevs have recently confirmed the anec-
dotal evidence gathered by physicians such as
Olopade and Newman: Nearly 40% of breast
cancer cases among African-American
women are ER-negative. compared with
23% of cases among whites.

As technologies advance. clinicians are
identifving cancers by more precise signa-
tures. Last June, for example, a team of
LS. and Canadian researchers published
results in The Jowrnal of the American Med-
ical Association from the Carolina Breast
Cancer Study, which examined the preva-
lence of different breast cancer subtypes
among 496 breast cancer patients. The
researchers were particularly interested in
a high-risk “basal-like subtype.” These
“triple-negative™ tumors—negative for estro-
2en receplors, progesterone receptors, and
human epidermal growth factor receptor-2
{HER2 y—tend to spread quickly. And because
they don’t respond to targeted new drugs, they
can be hit only with traditional chemotherapy.
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Health Disparities Research,
which Olopade helped launch
with her next-door neighbor and
U Chicago colleague, biopsy-

0% 1% 23% 41% chologist Martha McClintock,

and social scientist Sarah Gehlert.

118/100,000  77% 31%  39% 57%  Olopade. ina black suit with thin

- : : S - white stripes and a black coat
* Five years after diagnosis.

Triple-negative tumors, it turns out,
are also unusually prevalent in young
African=-American women. Of the 97 pre-
menopausal African Americans in the Car-
olina Breast Cancer study, 39% had this
subtype. Among postmenopausal African
Americans, the number was 14%, whereas
in the 300 non-African Americans, regard-
less of age, it held steady at 16%. "The
question is how much is nature, how much
is nurture, how much is something else?”
says Lisa Carey. a breast oncologist at the
University of North Carolina, Chapel Hill,
who helped conduct the study,

Back to Africa

“I started ofT thinking that it was all genetics.”
explains Olopade. On a frigid December day
in Chicago, she’s striding between campus
buildings aftera meeting with members of the
National Institutes of Health. Three officials
are in town for the day to evaluate the univer-
sity’s $9.7 million Center for Interdisciplinary

Triple jeopardy. Breast tumors negative for three
key markers (lop) are tougher to treat than the
triple-positive variely (bottom); in one study, 39% of
young African Americans had triple-negative tumars,
compared to 16% of Caucasians.

with fur trim, shows no signs of’
Fatigue despite having left the hospital at mid-
nizht the night before, after admitting two seri-
ously ill African-American breast cancer
patients. Word among her colleagues is that
she rarely sleeps.

She’s also one of a tiny handful of breast
cancer experts turning to Africa to help
explain racial disparities. After confirming
that fewer than 10% of the women in a
group of patients from Nigeria had inher-
ited a BRCA mutation, Olopade Found that a
startling 77% of 378 samples from Nigeria
and Senegal were ER-negative. This con-
trasts with 39% in African Americans and
23% 1n Caucasians. Although many of the
African women were young, and younger
breast cancer patients are more prone Lo
have ER-negative tumors. the numbers were
still off the charts, “This just blew us away,”
she says. Those results, which Olopade and
her colleagues presented at a cancer meet-
ing in 2005 and are readying for publica-
tion, led her to believe that aggressive
breast cancers in blacks are driven by an
interplay of genes and environment,

These days, Olopade is joined in Africa
by Newman. who 15 recruiting breast cancer
patients in Kumasi, Ghana, in collaboration
with Ghanaian investigators. “A lot of the
slave[s] came through™ Ghana betore trav-
eling to America, notes Newman, who
hopes that by comparing samples from
Ghanaian women with those from African
Americans and whites, she’ll develop a bet-
ter understanding of what's driving aggres-
sive, ER-negative disease.

Like others in the field. Newman has
encountered concern about turning back to
*an era of practicing race medicine, where
vou get one type of care if vou're black and
another if vou're white.” she says. Newman,
who’s African- American herself, decries that
view. “We're talking about a cancer-control
issue,” she savs, “Getting a better sense of the
hereditary issues ... has implications for
women worldwide.”

But in tackling the genetics behind breast
cancer disparity, researchers must also
address what race. a crude construct. really
means, “Race is not a scientific category,”
says Harold Freeman. a cancer surgeon and
medical director of the Ralph Lauren Center
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for Cancer Care and Prevention in New York
City. While he praises Olopade’s work, he 1s
skeptical about performing research on pop-
ulations whose distinetions he considers
socially determined. And even if biological
differences are relevant, Africans and
African Americans “come from the most
genetically diverse continent in the world,”
says Lovell Jones, who conducts health dis-
parities research at M, D, Anderson Cancer
Center. It's important to specify race accord-
ing to place of ongin and not rely on vague

identities, he savs. Hes begimning a study of

Migerian immigrants in Houston, their rela-
tives who remain 1n Africa. and
African-American women, o
determine whether susceptibility
to breast cancer differs as a way
of estimating the importance of
environmental factors.

Olopade 15 taking a closer
look at environment herself,
Several vears ago, she launched
another Nigerian project, now
funded by the LS. National Can-
cer Institute. for which she’s
recruiting 2000 women, half with
breast cancer and half without.
She and her colleagues are gath-
ering information about their
environment, family history, and,
if relevant, their tumors, Mem-
bers of her lab are also now study-
ing African-American breast
tumors for patterns of methyla-

tion—regulatory alterations n
DNA—in the BRCA! gene.

Olopade wonders whether an
altered form of the normal BRCAT
gene could account for more
aggressive tumors in some blacks.

DNA methylation can be
brought about by environmental
factors, agrees Licutenant
Colonel Larry Maxwell, director
of the gynecologic disease pro-
aram at Walter Reed Army Med-
ical Center in Washington, D.C.
His work focuses on uterine cancer, inwhich
black women more often fare worse than
whites. Maxwell is studving methylation pat-

terns to discem differences in the tumors of

African Americans and Caucasians,

In the Chicago health-disparity center to
which Olopade devotes a slice of her time,
another environmental driver may be emerg-
ing. Co-Director McClintock has shown that
when rats are socially 1solated early in hife,
increasing stress and vigilance and prompi-
ing immune system changes, they develop
breast tumors 40% earlier and four times

more often than do animals housed in groups,
The isolated rats also display larger. more
ageressive tumors,

Mow the center 15 recruiting hundreds of

African-American women with breast cancer
in Chicago to begin assessing whether social
isolation and stress-hormone levels predispose
to cancer. “The whole idea is to elevate it 1o a
science.” says Olopade of disparity research.

Branching out

The field seems to be gaiming momentum. In
October. the American Association for Cancer
Research (AACR) hosted 30 researchers in

Sleuthing for answers. Olopade, with one of her patients, is
adamant that the black-white survival gap isn't due only to
inadequate access to health care.

Philadelphia. Pennsylvaniz, to discuss the sci-
ence of cancer disparities and plan a large
meeting on the subject for the end of 20007,
which Olopade will co-chair. “1t’s been under-
studied.” admits Margaret Foui. chiefl execu-
tive officer of AACR, of disparity science.
Kathy Albain, a breast oncologist at
Loyola University Medical Center in
Maywood, Hlinois, has been poring over
data from decades of clinical trials, Among
19,400 patients, 12% of whom were African
American, differences in survival by race
emerged for ovarian, breast, and prostate

cancers. Despite uniform wreatment, blacks
fared worse, on average, than whites, even
after adjusung for differences in tumor type
and other factors, But no comparable sur-
vival differences surfaced for other cancers,
mcluding lung cancer, leukemia, colon can-
cer, and multiple myeloma. “There must be
something else going on pertaining to
molecular biology, pharmacogenetics, hor-
monal issues,” savs Albain, who presented

her most recent data, an in-depth analysis of

more than 6000 breast cancer patients, at a
meeting last December in San Antonio,
Texas. She and her colleagues are looking
more closely at a number of other variables
in the different cancers, from white blood
cell counts to drug doses.

Even as disparity research draws more sci-
entists, it remains a touchy topic. It’s “a very
loaded area,” says Timothy Rebbeck, who
studies prostate cancer disparities at the Uni-
versity of Pennsylvania. *You can imagine
saying, “There i1s a genetic basis to health dis-
parities.” [ts something vou have to say very
carefully so it doesn’t get misinterpreted.”

Some cancer researchers also worry that
disparity research could lend support to racial
stereotyping. “If vou histen to some folks, ...
it sounds like they're talking about blacks
having weaker genetics,” says Otis Brawley,
deputy director of the Emory Winship Cancer
Institute in Atlanta, Georgia, Brawley
believes that studying the science of dispari-
ties has distracted from focusing on dispari-
ties in treatment and access to care. “1I'm not
the only one who teels this way,” he adds.
although “1 may be the loudest.”

Olopade the straight talker responds
forcefully to such criticisms, arguing that the
aggressive disease she so often sees 1s not
due only to poverty and lack of access to
care. And she has strong defenders, espe-
crally among colleagues such as Rebbeck.
who has collaborated with her for many
years. “She’s very outspoken and forceful
and direct in a good way,)” he says.

Olopade says that her patients are the ones
who really remind her how broad disparities
research should be, Visiting the hospital room
of a 30-yvear-old African-American breast can-
cer sulterer. who imtially declined treatment
and whose triple-negative disease has spread
through her chest. she touches the woman
gently on the shoulder. inquires about her
Family, and asks her to please listen to her doc-
tors. Tt keeps me thinking—that woman, why
is she in the position shes in?" she wonders
later. It | don’t have the expenence of seeing
patients like that, who walk in, and [ studied
disparities.” she says, I would never get it.”

-JENNIFER COUZIN

2 FEBRUARY 2007 WVOL 315 SCIENCE www.sciencemag.org

CREDIT DM DEYUMNERSITY OF CHICAGO MEDICAL CENTER



CREDITS: {TOP) ROGER L WOLLEMBE RG/UP PHOTO/LANDOY. (BOTTOM} SOURCE: MAER MISSISSIPA DEPARTMENT OF EDUCATION: PHOTOS. COM

SCIENCE EDUCATION

States Urged to Sign Up for a
Higher Standard of Learning

Legislators, expert panel join the chorus of those seeking a voluntary national standard

for science and math in U.5. schools

Mississipp education officials patted
themselves on the back in 2005 when state-
administered tests showed that 33% of the
state’s 8th graders were proficient in math
a jump of 14 percentage pomts i the 3 years
since federal mandates for improving school
performance went into effect. But a few
months later, a nonbinding, nationwide eval-
uation found that only 13% of that cohort
were proficient, ranking Mississippi last on
the country’s math scorecard. The discrep-
ancy—a product of standards that reflect the
state’s low expectations for student achieve-
ment in math—earned Mississippi a “cream
puft™ award from an education journal
published by Stanford’s Hoover Institution,
The tremendous variation in what a state
teaches and the way it measures how well
children are learning has triggered a move for
national standards and assessments in ele-
mentary and secondary school science and
math education, Last month, two legislators
long active in education reform—=Senator
Chnstopher Dodd (D-CT) and Representa-
tive Vernon Ehlers (R-MI ) —introduced a bill
to create and implement a set of voluntary
national standards in math and science. A
week Jater, a panel reporting to the policy-
making body that oversees the National Sci-
ence Foundation went further, calling not just
for national standards but also for national
assessments of student achievement in sci-
ence and math and national ceruficanon for
teachers in those fields. “Currently, we have
states adopting less-than-rigorous standards
to game the system.” savs Shirley Malcom,
co=chair of the National Science Board’s
Commission on 2 1st Century Education in
saence, Technology, Engineenng, and Math-
ematics and head of education and human

resources programs at AAAS (publisher of

Science). "As a nation, we need to drive a
stake in the ground and say this cannot go on.”

The push for national standards comes on
the Fifth anniversary of the No Child Left
Behind (NCLB) Act, the signature education
program of President George W, Bush, which
requires states to assess what their students
have learned. To do so, each state developed
its own standards and tests, PF{'I-PI!]'IL']'I'[S sdy
that having national standards is the only way

Learn to earn. Representative Vern Ehlers Ueft) and
Senator Chris Dodd say uniform science and math
standards will help the U.S. economy.

to ensure that the country produces enough
scientifically hiterate graduates to keep the
United States competitive in a global econ-
omy. But the idea is controversial. The Bush
Administration and many legislators and
industry leaders say that national standards
would undermine state and local authorities,
who traditionally are responsible Tor pre-
college education. And even proponents of
improved math and science education worry
that it might divert attention from their goal of
improving NCLB, which expires this vear,

“The Adminis-
ration maintains its
commitment to local
control and supports
state development of
content standards
and assessments,”
says Chad Colby, a
spokesperson for
the U5, Department
of Education. Adds
lTacque Johnson of
the US. Chamber of
Commerce: “We are
not encouraging consideration of national
standards because it would become a
distraction from moving forward on
reauthorizing NCLB this year.”

Under the current law, states must test stu-
dents in reading and math every year in
grades 3-8, Schools that fail to make ade-
quate vearly progress on state=designed tests
must spend federal funds to improve student
performance. Allowing states 1o establish

4th grade

8th grade

Mixed success.

mug etter an

themr own standards and test to those stan-

assessment

a national assessment.
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dards, Dodd says, creates a “picture of excel-
lence [that] 1s an illusion.”

Dodd’s bill, called the Standards to Pro-
vide Educational Achievement for Kids
(SPEAK) Act. would provide states with a
financial incentive to adopt voluntary
national standards developed by the National
Assessments Governing Board, which over-
sees the National Assessment of Educational
Progress (MALEP). The legislation creates a
400 mullion fund that would provide com-
petitive grants 1o interested states for imple-
menting the core standards and then reward
states that do. SPEAK would also extend by
up to 4 vears the 2014 deadline for every stu-
dent to reach an acceptable level of learning.

The architects of the legislation argue that
it will not only improve the quality of science
and math education but also help the country
deliver on its promise of equal opportunity.
“As a result of varied standards, exams. and
proficiency levels. America’s highly mobile
student-aged population moves through the
nation’s schools gaining widely varying levels
ol knowledge, skills, and preparedness.”
Dodd says. “Voluntary, core American stan-
dards [will ensure] that all American students
are given the same opportunity to learn to a
high standard no matter where they reside.”

Proponents of the measure acknowledge
that it will face suff resistance. but they hope
o overcome the odds, “We have a window of
opportunity now with rising concern about
America’s performance in math and science
and the buzz around natonal competitive-
ness.” sayvs a congressional aide, “Siates are
realizing that they
must improve science
and math education
in order to attract
- high-paying jobs.”
13% Dodd hopes that
peer pressure will
encourage states 1o
sign up for the volun-
tary standards. which
they will have a role
in developing. “I1
wouldn't want to be
the governor who has
to explain why his state isn't able to compete
with the rest of the country.” he quips. And
once the standards are ready, he points out,

State
NAE

‘II Qg ant

tudents do
than on

states “will have the option 1o add additional
content requirements, they will have final say
in how coursework 15 sequenced, and, ulti-
mately. states and districts will still be the ones
developing the curmculum, choosing the text-
books. and administening the tests. The stan-
dards will simply serve as a common core.”
=YUDHIJIT BEHATTACHAR]EE
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Studying Students in Montessori Schools

IN THEIR EDUCATION FORUM "EVALUATING MONTESSORI EDUCATION™ (29 SEPT. 2006, P. 1893),
A, Lillard and N, Else-Ouest present Montesson education as being supenor to other types of
schools and having “remarkable outcomes.” Unfortunately. the analyses backing these value

judgments are plagued by methodological and statistical problems and thus do not provide sup-

port tor such claims.

To evaluate Montesson education, Lillard and Else-Quest measured the performance of
children from a single Montesson school—a textbook example of pseudo-replication. The
only test performed was thus if this particular
school 15 a good school or not. But not even on
that level was the comparison entirely valid,
because the pupils in the school were compared
with children mainly attending inner-city public

schools (729

o in S-vear-olds: T8% in 12-vear-
olds}—the category of schools most often subject
to social and economic problems,

Further, the sex ratio in the Montessori sample
wis equal or skewed toward girls (50% girls in 5-
vear-olds; 39% girls in 12-year-olds), while the
sex ratio in the inner=city public-school sample
wis skewed toward boys (60% boys in 5-year-olds:
04% boys in 1 2-year-olds), Girls i these age groups generally outscore boys (f, 7). However,
not even with the study set up in this way did the Montesson school come out on top.

Pupils in the girl-dominated Montessori sample rather unsurprisingly scored higher on tests
measuring social ability than pupils in the boy-dominated mner-city school sample. But the

Children using a computer at a Montessori
school.

study also reported that although S-year-olds in the Montessori sample did better in tests meas-
uring cognitive/academic measures, no such difference could be found i the 1 2-yvear-olds,

The only really noteworthy result in this study 1s that fora sample consisting of mainly girls
in a particular school in Milwaukee, severa
detectable difference inacademic performance in comparison witha group of mainly bovs hav-
ing been subject to schooling in Milwaukee inner-city public schools. Because alternative
schools can be assumed to attract more dedicated teachers and ofien have superior resources 1o

vears of Montessor education has resulted in no

public schools {(Montessori schools require a high teacher density and a special set of educa-
tional materials) and because young girls tend to outscore young boys academically. this 1s
more a quality statement for Milwaukee public schools than anything else.

To make informed choices about schooling, parents and policy-makers everywhere are in
dire need of proper comparisons between different education systems. Unintended misinfor-
mation through poorly performed studies only serves to make the current state of confusion
over the pros and cons of various education systems worse.

PATRIK LINDENFORS

Department of Zoology, Stockholm University, 5-106 91 Stockholm, Sweden.
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IN THEIR EDUCATION FORUM "EVALUATING
Montessori education™ (29 Sept., p. 1893). A,
Lillard and M. Else-Quest do not consider that
difterential peer influences between their test
and control groups of students may contribute
to the differences they observed. The authors
controlled for parental effects by examining
only students whose parents had entered a
lottery for entry into a Montessori school.
However, the students who were unable to
attend the Montessori school because their
parents “lost” the lottery were dispersed to ra-
ditional schools, where they would have been
educated with a majority of peers whose par-
ents did not enter the lottery at all. The differ-
ences they found i the academic and behav-
oral performance of students in Montessori
and traditional schools may not reflect
the superiority ol the former educational
approach, but the negative effect of peer rela-
tionships i the latter.

PHILLIP MACKINNON

Faculty of Medicine, Nursing and Health Sciences, Monash
University, Clayton, VIC 3800, Australia,

Response

THE MONTESS0RI 5CHOOL WE STUDIED WAS
an inner-city public school [see our note (3))
in the same school district as the other 27 city
public schools, was given the same per-pupil
funding as the distriet gives all s schools, and
received no other funds toward the educa-
tional program. Although it is a single school,
the tradinonal Montesson implementation,
regulated by the Association Montessori
Internationale ( AMI ), makes it very similar to
other AMI Montessori schools: | would be
wary of assuming similar results at non=AMI
Montessori schools. Still, replication in other
school districts 1s clearly desirable,

Ciender did not contribute significantly to
any of the differences reported in the paper;in
all tests, we found significant differences
favoring the Montessori samples, but analy-
ses by gender on these variables at those ages
revealed no differences between the boys and
girls. In general, gender differences tend to be
small enough that they often do not attain
significance in studies with small samples.
There were gender differences on several
tests at age 12, where gender 15 unbalanced,
but in the opposite direction for Montessori
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than the Letter presumes: Montessori boys at
age 12 performed best of all the groups on
those tesis. In addition, the study was not set
up to have gender representation differences
across samples: the goal was equal represen-
tation, but the retumed permission ships dic-
tated the distributions.

Although the 12-vear-olds had 6 more
vears of Montessori schooling, and thus one
could argue should have shown stronger aca-
demic differences than the S-vear-olds, they
also had 6 more years of enculturation in thewr
low-income communities and homes that
might work against what happens inside the
school walls. Although the current environ-
ment emphasizes only academic tests, social
skills were included in this study, on the
grounds that they are extremely important in
life—ofien. one could argue. more important
than having superior academic skills.

Contrary to Lindenfors’s assumption, tradi-
tional Montesson actually has a rather low
teacher density, The AMI standdand eacher-child
ratio is 1:28 to 1:35, Regardless, the notion that
teacher-child rano 15 related to student achieve-
ment is misguided: Relations have sometimes
been found in first grade (/). but not consis-
tently enough to clam it generally true (7).

Also, Montessori is not more expensive
than traditional schooling: once a classroom is
outfitted with materials (at a cost of roughly
525,000, the costs per vear are less (esh-
mated at S800 per vear by the North American
Montessort Teachers™ Association) than in
traditional classrooms because there are no
textbooks to replace. The notion that per-
pupil expenditures have an impact on student
achievement 15 also not upheld by the data (3).

MacKinnon makes the excellent sugges-
tion that child outcomes at the Montesson
school might be the result of having peers
whose parents entered them in a lottery. One
wiy to investigate this is to see whether chil-
dren in control schools that also admit by lot-
tery (thus, their classmates might have listed
that school as their first choice) did better than
children at control schools that did not.
Milwaukee does not make obvious 1o an out-
sider which schools admut by lottery, but they
do indicate that Citywide Specialty Schools
are more likely to. The control children in our
study who were at Citywide Specialty Schools

Www.sciencemag.org

did not as a group perform as well as the chil-
dren at the Montessori school studied, sug-
gesting that the results were not simply due o
schoolimg with peers whose parents entered
them in a lowery,

ANGELINE LILLARD® AND NICOLE ELSE-QUEST?

‘Department of Psychology, University of WVirginia,
Charlottesville, VA 22904, USA. *Department of Psychology,
University of Wisconsin, Madison, W1 53202, USA.
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Darwin: Not the First to
Sketch a Tree

IN THE PERSPECTIVE BY A. ROKAS, "GENOMICS
and the tree of Life” (29 Sept.. p. 1897). the
caption to the accompanying photo identi-
fies Charles Darwin’s 1868 notebook sketch
as “the first known sketch of an evolutionary
tree.” This 1s mistaken. Nearly 60} years ear-
lier, in 1809, Jean Baptiste Lamarck pre-
sented an evolutionary tree of the ammals n
Philosophic Zoologigue (). Modern evolu-
tnonary biologists would benefit from read-
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Lamarck's evolutionary tree [redrawn from (1)]

ing Lamarck; there is much nonsense in his
work, but there are also quite substantial
insights. Lamarck towered over his contem-
poraries in both the nigor of his evolutionary
thought and the identification of a credible,
coherent, and falsifiable hypothesis for the
mechanism of evolutionary change. That
his mechanism was wrong does not take
anything away from the originality of his
thought (although his failure to test his
hypothesis is not consistent with current sci-
entific practice and 1s largely responsible for
his current neglect).

MARK WHEELIS

Section of Microbislogy, University of Califernia, Davis,
Davis, CA 35616, USA. E-mail: miwheelis@ucdavis.edu

Reference

1. ). B. Lamarck, Zoological Philosophy: An Exposition with
Regard to the Naturol History af Animals, H. Elliot, transl.
(Macmillan, London, 1914}, p. 179 [reprinted by the
University of Chicaga Press, 1984].

Human Dispersal
into Australasia
WE AGREE WITH P. MELLARS THAT LONG-

dhistanece dispersal of prehistone human popula-
tons may volve multple small founder
effects with consequent loss of genetic diver-
and possibly also cultural traits—with
increasing distance from source (“Going cast:
new genetic and archagological perspectives on
the modern human colonization of Eurasia,”
Special Section: Migration and Dispersal, Re-
view, |1 Aug. 2006, p. 796). However, Aus-
tralian genetic and stone artifact data are not
consistent with this pattern.

sty

Cienetic studies of the mitochondrial DNA
(mtDMNA) of indigenous Australians have only

just begun, with fewer than 300 individuals

sampled from less than 5% of the continent’s
landmass ( /-3). Even so. observed miDNA
vanation m Australians already meludes five

Australia-specific haplogroups, and more if

Mew Guinea samples are added o represent the
landmass that was Sahul for most of the 30,000
to GOLO0 years that humans have occupied the
island continent (4, 5). Larger, contineni-wide
samples may well show Australia to have been
as genetically diverse as Europe or Africa.

The earliest Australian stone artifact indus-
tries consist of small fMakes and fake tools
with some prepared platform cores and occa-
sional radial or centripetal cores. and are
strongly influenced by the form of local stone
materials (6. 7). It is unlikely that these indus-
tries carry the sort of cultural information that
Mellars and others assume. His argument
that these are “Mode 47 (Upper Palacolithic)
industries that devolved in response to local
conditions (&) lacks parsimony, given that
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similar assemblages are found in middle Pleis-
tocene and other early contexts in neighboring
parts of Southeast Asia (Y). Also, the bal-
ance of evidence indicates only a weak rela-
tionship between Mode 4 industries and the
spread of modern humans (8). In northeast
and central Asia, these industries appear to
have locally developed (/1) and subsequently
diffused into Europe and the Near East. rather
than originating in Africa(/f. [2).
Collectively. these data suggest that the
cultural and genetic history of Australasia 1s
more complex than a single dispersal model
such as “Out-of=Afdrica 27 allows.
MIKE A. SMITH,! PAULS. C. TACON,?
DARREN CURNOE,® ALAN THORNE!
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Response

| APPRECIATE SMITH ETAL."S SUPPORT FOR
my general model of a progressive loss in the
genetic and technological diversity as mod-
ern human populations dispersed from their
Adrican homeland o other parts of the world.
However, [ find the remainder of their argu-
ments unconvincing.

Despite the high genetic diversity of mod-
ern Australian and New Guinea populations,
the current genetie data indicate unambigu-
ously that all of these populations derive ulti-
mately from the two out-of-Africa mtDNA
lineages M and N (in turn derived directly
from the African L3 lineage) and from the
Y chromosome founder lineages C and F
(/-3). Any subsequent diversity in these pop-
ulations must derive from genetic mutations
that occurred after the original out-of=Africa
dispersal around 50,000 to 60,000 years ago
[({, 2, 4, 5); my Report].

I am equally unconvinced by their obser-
vations on the archaeological data. My own
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CORRECTIONS AND CLARIFICATIONS

Reports: "Dual infection with HIV and malaria fuels the spread of both diseases in sub-Saharan Africa” by L ]. Abu-Raddad ef al.
(8 Dec. 20086, p. 1603). The first sentence of the paper, “In Africa, an estimated 40 million people are infected with HIV,
resulting in an annual mortality of over 3 million (1), while over 500 million clinical Alasmodivm fofciparum infections occur
every year with more than a million malariz-associated deaths. .. is incorrect. These numbers refer 1o worldwide numbers for
both infections, not just in Africa. The number of HIV-infected persons in Africa is approximately 25 million, and the number
of malaria infections is roughly 350 million,

Perspectives: "How fast does gold trickle out of volcanoes?” by C. A Helnrich (13 Oct. 2006, p. 2631, In line 7 of the first
full paragraph of column 3, "10 to 20 mg” should be 10 to 20 pg.”

TECHNICAL COMMENT ABSTRACTS

Comment on “Rapid Advance of Spring Arrival Dates in Long-Distance
Migratory Birds”

Christiaan Both

Jonzén et al. (Reports, 30 June 2006, p. 195%) proposed that the rapid advance of spring migration dates of long-
distance migrants throughout Europe reflects an evolutionary response to climate change. However, most migrants
should not advance their migration time because the phenology of their breeding grounds has not changed. It is more
likety that migration speed has changed in response to improved environmental circumstances.

Full text at www.sciencemag.orgiogifcontentfull315/5812/5%8b

Response To Comment on “Rapid Advance of Spring Arrival Dates in Long-
Distance Migratory Birds”

Niclas Jonzén, Andreas Lindén, Torbjern Ergon, Endre Knudsen, Jon Olav Vik, Diego Rubolini,
Dario Piacentini, Christian Brinch, Fernando Spina, Lennart Karlsson, Martin Stervander, Arne
Andersson, Jonas Waldenstrom, Aleksi Lehikoinen, Erik Edvardsen, Rune Solvang, Nils Chr.
Stenseth

Both's comment guestions our suggestion that the advanced spring arrival time of long-distance migratory birds in
Scandinavia and the Mediterranean may reflect a climate-driven evolutionary change. We present additional arguments
to support our hypothesis but underscore the importance of additional studies involving direct tests of evolutionary
change,

Full text at weww.sciencemag.org/ogifoontentfull315/5812/598¢

impression is that the earliest Australian
technologies are far too simple. generalized,
and “expedient” (as they seem to accept) to
support any specific technological links with
other technologically simple and expedient
technologies, such as those from Flores and
other earlier Pleistocene sites in southeast
Asia (my Report). [ am not aware of any con-
vinemg Levallois or other “Mode 37 {(Middle
Palacolithic) wechnologies in Australia and
see no reason why the Australian tech-
nologics should not be viewed as heavily
simplified or “devolved™ forms of Upper
Palagolithic (*Mode 47) technologies, under

Letters to the Editor

the influence of varying raw material effects
and other purely local economic adaptations
(my Report). | note that they make no refer-
ence to the apparent similarities between the
forms of the early Australian “horse-hoot™
cores and simple forms of single-platform
blade cores (my Report). And | am totally
unconvinced by the arguments for purely
local origins of Upper PalacolithicMode 4
technologies in northeast and Central
Asia [my Report: (6)]. To employ these
data to support some form of multiregional,
as opposed to African, origins for modern
Australian populations would seem 1o be
poorly founded in either the genetic or arch-
acological data.

PAUL MELLARS

Department of Archaeclogy, Cambridge University,
Cambridge CB2 3DZ, UK.
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Developing a Different Perspective

on Disease
Linda Adair

or many decades. efforts o prevent

chronic disease focused on modifving

aspects of adult lite=style that contribute
to nutritional excesses—too much energy
mtake relative to oo Little energy expenditure.
Paradoxically, a rapidly growing body of evi-
dence from animal expenments and human
epidemiologic research suggests that chronic
diseases have early life onigins related to inad-
equate nutrition. These findings emphasize the
need for a life course perspective on disease,
with prevention beginning prior to conception.

Ower the past two decades., a new field of

research into adult health and disease has
emerzed that focuses on early lite and devel-
opmental origins. The basic premise of such
ingquiry i1s that very early events in life—in
particular, exposure to environments charac-
terized by nutritional insufficiency—induce
structural and metabolic changes that enhance
survival in resource-poor conditions. When,
however, previously undernourished individu-
als subsequently experience nutritional sufti-
ciency orexcess, their adaptive characteristics

become a liability and increase their risks of

acquiring numerous chronic diseases.

The growth of research on early ongins of

adult disease was sumulated in the late 19905 by
David Barker's observations that coronary heart
disease death raes in Hertfordshire, United
Kingdom. were inversely related to birth
weight. This work was followed by a larze num-

ber of papers showing inverse associations of
birth weight {which was taken as a measure of

the quality of the tetal environment) with other
adult disecase outcomes and by experimental
studies in animals o identify the mechanisms
through which prenatal nutrition might influ-
ence adult hypertension, diabetes, and other
chronic diseases. Although the animal evidence
wis compelling. the idea of “fetal program-
ming” i humans was mminally met with skepti-
cism. Today, owing to the accumulation of a
large body of expernimental and epidemiologic
evidence from around the world, the idea has
gained wider acceptance. Moreover. the field
has broadened well beyond its initial focus on
birth weight and the fetal environment to con-
sider the entire developmental sequence from

The reviewer is in the Department of Nutntion, School of
Public Health, University of North Carolina, Chapel Hill, NC
27599, USA. E-mail: linda_adair@unc.edu
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conception to adulthood as a
means to understand disease
etiology. The World Health Orga-
nization {WHO), recognizing
the importance of early environ-
ments, now advocates the adop-
tion of a life course perspective
on chronie disease (/).
Arriving at a perod of
peak growth in the field,
Peter Gluckman and Mark
Hanson's Developmental Origing of Health
aitgd Disease makes a timely and important
contribution. The edited volume offers an
excellent imezration of theory, evidence, and
implications. Nicely encompassing the range
of research in the field, it compiles work by

A life course perspective.

more than 70 experts. pnmarly from Europe,
Australia. and New Zealand. Gluckman (an
endocrinologist and perinatal biologist at the
Liggins Institute, University of Auckland) and
Hanson (at the University of Southampton
Medical School) are eminently qualified to
compile this synthesis of the field.

[n addition to an introductory overview,
the editors provide a conceptual basis for the
developmental origins approach that 1s
strongly grounded in evolutionary theory.
They
“predictive adaptive responses™: the ability to
use information about the current environ-
ment to develop strategies to enhance not only
mmmediate survival but also long-terny sur-
vival under similar conditions in the future,

According o their perspective, when there isa
mismatch between the early and later environ-

Developmental Origins
of Health and Disease

Peter Gluckman and

ue that organisms are capable of

ment—as happens when previously malnour-
ished individuals encounter fast food and
spend wo many sedentary hours in front of the
television—formerly successful strategies
may be ill suited to the new challenges and
thus lead to pathologies. The contributors
carry this theme through subsequent chapters.

The book’s central portion
offers in-depth coverage of
the evidence tor the develop-
mental origins hypothesis and
the proposed underlying mech-
anisms. The book avoids the
unappealing “one disease per
chapter” format and instead
presents an integrated, systems-
oriented view of the physi-
ology and mechanisms. Col-
lectively, the contnbutors exphin
how things work, what can go wrong, and why
it matters. They cover diverse topics including
early influences on gene expression, the role
of mitochondna. and the effects of vanous
hormone systems. Some chapters integrate
information from the experimental animal
and human epidemiologic litera-
tures, “hl...']'i.f':!.\'u H“'I:L'T.\i [Il.'li.!l.l!-i pruma-
rily on human studies. The cardio-
vascular and related systems,
which are the best studied in the
context of developmental ori-
2Ins, receive extensive coverage,
The authors also apply the ap-
proach to chronic diseases such
as those that affect the musculo-
skeletal and respiratory systems.
the brain, and aging.

The developmental origins per-
spective emphasizes the ongoing
interaction of the organism with
stressors in the environment across
the entire life evele. Nutritional
insufficiency is thought to have the greatest
mmport, and 1t 1s well covered, The volume
also does an admirable job of considering
other stressors with long-term effects,
mncluding hypoxia and exposure to environ-
mental toxins,

The book’s last section explores the impli-
cations of the developmental origins approach
for primary prevention. public health, and. in
particular, health in developing countries.
People are most hkely to encounter a nus-
match between early and later environments
insettings characterized by the transition from
marginal nutrition to chronic positive energy
balance. For example. because of changes in
food production and mechanization, older
children and adults born when fetal and infant
growth restriction were Common are now con-
suming more calories and expending less

WwWwW.SCIENCEIMa g. I:I'l'g

CREDIT MIKE BLUESTONE PHMOTO RESEARCHERS



CREDIT: COURTESY PRINCETOMN UNIVERSITY PRESS

enerey in work and letsure time physical activ-
ity, which contributes to the rise of obesity
as a worldwide public health problem. The
potential implications of this mismatch can be
best appreciated by considering global trends
in chronic diseases. According to WHO pro-
Jjections, cardiovascular disease is emerging as
the top cause of mortality indeveloping coun-
tries and by 20200will account for one-third of
all deaths. More than 228 million will suffer
from diabetes, with India having more diabet-
1¢s than any other country. By emphasizing
the role of developmental processes and the
nutritional history of populations, the devel-

opmental origing perspective promises valu-
able insights into the causes and conse-
quences of these new health challenges, It
will complement the conventional focus on
the roles of genetic susceptibility and modifi-
able adult behaviors,

Researchers will find Developmental
Origins of Health and Dizsease o be a well-
referenced resource that documents the state

of the art in the field and serves as a source of

new ideas. Students of human and develop-
mental biology and health practiioners
should also keep the volume in close reach. It
challenges readers to consider new paradigms

BOOKS ETAL

for disease prevention that recognize epige-
netic influences as well as genetics and take
into account the complex interplay among
genes, environment, and developmental his-
tory. The volume inspired me to think differ-
ently and to develop a new set of research
questions o answer with my cohort data from
a developing country, and I hope that others
will be similarly affected.

Reference
1. Life Course Perspectives on Coronary Heart Disease
{World Health Organization, Geneva, 2002).
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ANTHROPOLOGY

Otherness—When Killing Is Easy

atral selection under-

pins the evolution

of good and evil in
human beings. This claim
may sound far-fetched. but
inereasmgly archaeological
and anthropological evidence
and
coterie of theoreticians indi-
cate that Paleolithic people
clustered together using com-
mon languages and culture o

even Lt}

Goodness

Princeton Univ
Princ . NJ,
$24 95 £15.95.

ISBIN 9780691 1:

the work of a small

develop norms that protected Conflict

equality, liberty, and frater- Martio Jones and A. C.
mity and thus forged coopera- TR

tive groups that behaved

altruistically. Such bonds al-
lowed the group to present a
united front to less-fortunate
neighbors, thereby providing
backup for dispatching rivals
i combat with hitle nsk w
self and probably with considerable benefit in
terms of resources grabbed. These themes are
explored in contrasting approaches in two
exhilarating books: The Altruism Equaiion
explores aliruism through the eyves of half a
dozen thinkers of the past two centunies, and

The Altruism Equation

by Lee Alan Dugatkin

Conflict offers essays on our
embattled species collected from
eight living scholars.

According to Alan
Dugatkin (a behavioral ecologist
at the Unmiversity of Lowisville),
the grail i1s » % b= ¢, Hamiltons
rule for altruism by kin selection.
This equation states that altruism

Lee

their genetic relatedness (r),
multiplied by the value of the
benetit () bestowed by an altru-
istic act. exceeds the cost (¢)
of undertaking that action;
the larger r is, the more likely
altruism will evolve, Among the
mass of evidence that substanti-
ates a genetic basis for altruism,
deep in the book we find that
for the plains spadefoot toad
(Spea bombifrons) relatedness
is literally a matter of taste: carnivorous
morphs spit out their nearest and dearest but
cat those least related.

Fhe Altruism Egquation 15 an engaging
book with devoted enthusiasm for the ideas of
the main protagonist. William Hamilton, On

can occur between individuals if

the way there are irritations. not least the
author unfirly bemoaning the lack of insigt
into economic modeling by all of Hamiltons
predecessors, including Charles Darwin,
Thomas Huxley, and Warder Clyde Allee. He
also tours through the mathematical lapses of
Ronald Fisher. J. B. 5. Haldane, and Sewall
Wright, similarly wondering why they
were not so able. Despite all this mischief,
Dugatkin’s enthusiasm rises well bevond the
irritations, and his account offers much 1o
think about,

Through his portrayal of George Price,
Dugatkin raises an important link in consider-
ing the evolution of altruism and conflict.
Price, a close friend of Hamilton, wrned
Hamiltons rule on its head and developed an
explanation for the evolution of spite (which
oceurs when individuals in groups are onaver-
age less closely related than individuals within
the population) by using a new mathematical
tool, covariance. He found that even it a spite-
ful act diminished the fitness of the perpetra-
tor, it would decrease the fitness of the victim
{and rival) even more. Price, an occasional
reporter for Science, went on to elaborate the
use of game theory in behavioral seiences
while living in squalor, constantly giving his
belongings away. He underwent a personal
paracigm shift from atheism to protound rehi-
gious belief, adopted extreme altruism. and
ched in poverty by his own hand.

Pioneers in the search for the origins of goodness. Left to right: Charles Darwin, Warder Clyde Allee, Thomas Henry Huxley, William Hamilton, Petr Kropotkin,
George Price, and John Burdon Sanderson Haldane.
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None of the essays in the volume edited
by Martin Jones ( Department of Archae-
ology. University of Cambridge) and Andrew

Fabian (Institute of Astronomy, University of

Cambridge) can dispel the conclusion that
conflict lies at the heart of human behav-
1or. It seems depressing that natural selec-
tion has taken us this way and that,
although we don’t need much relatedness o
each other to prompt us to behave well,
slight difference provokes rivalry that can
end in a fight w the death,

Richard Wrangham’s contnibution ex-
plores the parallels of the lethal desire o pick
off unrelated male rnivals in our nearest rela-
tives, chimpanzees { Pan noglodvres). Like
human beings, chimps often kill one another
usually by a gang beating up a solitary male
foraging near a territorial boundary. In con-
trast, battles between groups are not usually o
the death; they are mostly show and bravado,

By murdenng indwiduals, the potenual of
harm in future battles is reduced because of

the attrition of males from the neighboring
oroup, But the gains don’t end with damage
limitation: the ideal 15 to eliminate all the
males in the rival group. The former group’s
foraging terrtory and females will then bene-
fit the prevailing group. Wrangham makes an
interesting contrast with bonobos { Pan panis-
cits ), who apparently live peacefully together
because of ecological differences that allow

BROWSING

Born of Fire: The Valley of Work.

them to forage in continuous close contact,
thus avoiding being picked offby their nvals,

Among human beings, it is no surprise that
lethal conflict predominates among men,
Simon Baron-Cohen discusses sex differ-
ences in the brain and what he recognizes as
the extreme male mind. He hypothesizes that
men tend to fact-based systemizing whereas
the female mind tends o make intuitive leaps
and to have well-developed social and linguis-
tic abilities. Somewhat frustratingly for the
theme of the book, he doesn’t elaborate much
on how this extreme mind fits men for conflict
nor on the roots of male-female conflict. Later
inthe volume. the paradox of seemg women in
combat is one of the themes explored by Kate
Adie, a former BBC war correspondent. But
she concentrates on describing the difficulties
of observing and reporting on war. because
these handicaps must be overcome if media
coverage is to increase our understanding of
conflict and 1ts consequences.

Several other essays in the Darwin Colleze
Lectures volume bridge many of the anthro-
pological consequen-
ces of the natural
selection of contlict:
for example. Barry
Cunliffe considers the
evolution of
sponsored war over
the centuries and

state-

David Haig discusses the torment of deci-
stop-making, Of particular currency is a
fascinating account of the conflict in the
Middle East, Lisa Anderson pomnts out that
despite the antiquity of conflict in the
region, casualties have actually been small
compared with many other war zones, Why
do we get so anxious about it? Perhaps, she
contends, because the general region is the
nexus of several modern civilizations and
persistent conflict there is perceived to be
particularly undermining and threatening.
Explonng the influence of national bound-
aries, elective identities, and single and
divided lovalues, Anderson concludes that
the wrmoil in the region arises within “soci-
eties and traditions that are strugeling to
define meaning and membership.”

Despite the stark conclusions emerging
from both books, an enduring beliel in a
benign future for humankind paradoxically
prompts most of the subjects and the contrib-
utors to end on an optimistic note,

=CAROLINE ASH

10.1126/5cience. 1138815

Industrial Scenes of Southwestern Pennsylvania. Barbara L. Jones,
with Edward K. Muller and Joel A. Tarr. Westmoreland Museum
of American Art, Greensburg, PA, 2006. 160 pp. $37.50. |SBN
9780822943259,

By the early 1900s, the Pittsburgh region was the steel-making
capital of the world. Its valleys were lined with iron foundries, steel
mills, coke works, and rail yards; its rivers crowded with barges and
bridges; its skies marked with billowing smokes by day and “pillars
of fire” by night. Resident and visiting artists were struck by the
drama and beauty of the industrial facilities and landscapes, which
they portrayed in oils, watercolors (right, Cynthia Cooley's Furnoce
Door, 1999), drawings, and photographs. They also recorded the
laborers” arduous living conditions and industry’s devastating
impact on the environment. In this catalog, prepared for a 2006
exhibit of the Westmoreland Museum’s Scenes of Industry collec-
tion, Jones discusses the images and the artists who created them.
Muller and Tarr offer an informative sketch of the rise and decline
of southwestern Pennsylvania’s coal and steel industries. Sixly
works from the collection are on display at the Rhineland Industrial
Museum in Oberhausen, Germany, 4 February to 1 May 2007, and
will travel through 2010,

602 2 FEBRUARY 2007 MOL 315 SCIENCE  www.sciencemag.org

CREDIT OOURTESY WESTMORE LAND MUSELRM OF AMERICAN ART



COURTESY OF M. WILLLAM LEMSCH, CHILDREN'S HOSPITAL BOSTON

ETHICS

The ISSCR Guidelines for Human
Embryonic Stem Cell Research

George Q. Daley,' Lars Ahrlund-Richter? Jonathan M. Auerbach,? Nissim Benvenisty R. Alta
Charo.% Grace Chen® Hong-kui Deng,” Lawrence S. Goldstein ® Kathy L Hudson,® Insoo Hyun,™®
Sung Chull Junn," Jane Love," Eng Hin Lee," Anne McLaren," Christine L Mummery," Norio
Makatsuji,'® Catherine Racowsky,"” Heather Rooke,* Janet Rossant,'® Hans R. Schiler,® Jan
Helge Solbakk.” Patrick Taylor,' Alan 0. Trounson.® Irving L Weissman,® lan Wilmut,® John Yu,

Laurie Zoloth®™

uman embryonic stem (ES) cells are

valuable for biomedicine, but differ-

ing cultural, political. legal, and reli-
gious perspectives are potential barriers o
international collaboration in this fledgling
field. Recognizing the need for scientists o
act ransparently, to serve the public interest,
and to preserve public trust, the International
Society for Stem Cell Research (155CR) con-
vened a task foree o formulate guidelines for
human ES cell research. The ISSCR guide-
lines were written by scientists, ethicists, and
legal experts from 14 countries (/).

The ISSCR guidelines encompass the
core values put forth by the Committee on
Guidelines for Human ES Cell Research of the
LLS. National Academy of Sciences (US.
NAS)(2) and the Regulations of the California
Institute tor Regenerative Medicine (3), and
acknowledge thoughtful govermmental regula-
tions already in place in several countries,
particularly that of the Human Fertilisation
and Embryology Authority of the United
Kingdom (4). The ISSCR is the principal
scientific society for stem cell scientists and
transcends institutional, regional, and national
political boundzries.

Ihildren's Hospital Boston. ZKarolinska Institutet.
TolobalStem, Inc. *The Hebrew University. *University of
Wisconsin Law School. ®Bird & Bird, Beijing, China.
TPeking University. *Howard Hughes Medical Institute,
Uniwversity of California, San Diego School of Medicine.
*Berman Bioethics Institute, Johns Hopkins University,
B ase Western Reserve University School of Medicine,
Yinstitute of Global Management, Seoul, Korea. *“Wilmer
Cutler Pickering Hale and Dorr LLP. YNational University
of Singapore. “Cambridge University. ¥ University of
Utrecht Medical School. ¥Kyoto University. 2 Brigham
and Women's Hospital, Harvard Medical School,
%¥nternational Society for Stem Cell Research. Wlniversity
of Toronto. ““Max Planck Institute for Molecular Bio-
medicine. PWniversity of Oslo and University of Bergen,
Zponash University, #?Stanfard University School of
Medicine. #*University of Edinburgh. *Genomics Research
Center, Academia Sinica, Taiwan, **Feinberg School
of Medicine, Northwestern University. [For complete
addresses, see SOM.]

*Author for correspondence. E-mail: george.daley@
childrens. harvard.edu

The ISSCR guidelines focus on research
pertinent to derivation and use of pluripotent
human stem cell lines and are not meant to
encompass somatic (adult) stem cell research
or human embryo or fetal tissue research, The
ISSCR guidelines aim to facilitate interna-
tional collaboration by encouraging investga-
tors and institutions to adhere to a unilorm set
of pracuces, The ISSCR guidelines are sub-
servient to all applicable laws and regulations
of the country or region where the actual
research takes place.

Major Principles

Cafl for oversighi, Biomedical research 1s
already subject to regulation and oversight,
However., because human ES cell research
raises unique and sensitive issues and requires
specialized expertise to judge both scientific
merit and ethical propriety, the ISSCR guide-
lines call for a specialized oversight process to
complement existing institutional review

How can ethical principles for research encompass cultural differences? Shown is a human embryonic

stem cell colony, on a background of mouwse embryonic fibroblast feeder cells, stained with Wright-Giemsa to
highlight the individual cells of the colony.

/|

The International Society for Stem Cell
Research describes major principles that
should guide ethical stem cell research.

boards. Incontrast to the U.S, NAS guidelines,
which stipulated that institutions engaged in
human ES cell research should form an
ES cell research oversight (ESCRO) com-
mittee, the ISSCR guidelines do not specify
the precise form of stem cell research over-
sight (SCRO), The ISSCR guidelines specify
the key elements of a single rigorous review
at the institwtional, regional. national, or inter-
national level. thereby eliminating redun-
dancy and allowing flexibility for varied
oversight mechanisms in different countries.

Permissible and impermissible vesearch,
The ISSCR guidelines prohibiat (1) all expen-
ments that lack a compelling scientific ratio-
nale or raise strong shared ethical concerns
in particular human reproductive cloning; (ii)
in vitro culture of human embryos beyond 14
days or the formation of the primitive embry-
onic streak: and (iii) the interbreeding of ani-
mals likely to harbor human gametes.

The “14-day limit,” first articulated in
1984 by the Warnock committee of the
L. K. Human Fertilisation and Embryology
Authority (3), i1s widely accepted by re-
searchers in the human stem cell and fertility
fields. It recognizes the significant biological
distinctions between the earliest human embryos,
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which have not vet established even the most
rudimentary rostral and caudal orientation
(the primitive streak). and an embryo that has
begun to initiate organogenesis, The US, NAS

guidelines prohibit the mixing of cells of

any nature with the pre-streak embryo. This
restriction excludes a number of expenments
considered standard in animal embryology,
including cell aggregation studies to investi-
gate the segregation of primitive embryonic
blastomeres into imner cell mass and trophec-
toderm. Such experiments might yield in-
sights into the origins of stem cells and might
enhance the efficiency of ES cell dervation.
The ISSCR Task Force reasoned that expen-
ments with sound scienufic rationale that
respect the 14-day limit are permissible if they
pass a thorough SCRO review.

The ISSCR guidelines diverge subtly from
the LS. NAS guidelines in restrictions placed
on breeding of animals that might carry
human gametes. Such experniments might be

justified to investigate the consequences of

tissue repair or regeneration on reproductive
behavior or function, and they could be done
with safeguards to prevent any inadvertent
fertulization events (e.g.. sterilization). The
ISSCR guidelines place the onus on the

SCRO process to evaluate permissibility of

any particular expeniment.

Experiments that are permissible only
after SCRO review and approval include deri-
vation of new lines or creation of animal
chimeras, especially expeniments likely to
result in extensive chimensm of the brain or
germ line. The ISSCR guidelines provide a
means for excluding in vitro experiments with
existing human ES cell lines from review, as
appropriate, and exclude from SCRO review
routine procedures that raise no appreciable
moral concerns, such as assays of teratoma
formation from human ES cell lines, Under
the US. NAS guidelines. the teratoma assay
requires ESCRO committee review because
it entails the creation of a chimeric animal.
We anticipate that other procedures may
become exempt from SCRO review as the
field evolves.

Reguirement for explicit consent. For use
of somatic cell nuclei in nuclear transfer
experiments, the ISSCR guidelines call for
obtaining contemporaneous and explicit con-
sent from all somatic cell donors. Such a rigid
requirement reinforces a position stated by the
U.S. NAS guidelines to protect individuals
who might not want their tissues unwittingly
used in human ES cell research. For the re-
search use of embryos generated with donated
gametes, the ISSCR zuidelines realfirm the
need for explicit consent from both gamete
donors. In the future. informed consent for all

vamete donors should include the possible use
of donated materials and their derivatives in
human stem cell research.

Financial considerations, In some nations,
like the United States. women who provide
their eggs to infertile couples are routinely
compensated—that 15, provided money
in addition to reimbursement of direct ex-
penses—in a range that varies widely but is
typically from $2500 to $35000 (#). Some
believe that high payments may unduly induce
women to ignore the risks of hormonal stimu-
lation and surgical egg retrieval and thus may
undermine the voluntary nature of women’s
choices to provide their eggs to infertile cou-
ples, Task force members had varied opinions
on what financial accommodations should be
allowed for donation of oocytes for research
purposes. Some felt that altruism should be
the only permissible motivation for research
donation; others felt that asking women to
bear the signitficant burden of time, effort, dis-
comfort, and nsk of donation without com-
pensation was itself unfair and exploitative.

There was consensus for providing reim-
bursement of direct expenses incurred during
the process of providing oocytes. although
there was concem that even this financial con-
sideration might invite abuse. The Task Force
noted that healthy research volunteers who
undergo invasive research procedures like
bone marrow biopsy or colonoscopy are
sometimes compensated but could not reach
consensus on the permissibility of even a
modest honorarium for providing oocyies,
The Task Force concluded that research and
ethical review committees are experienced in
evaluating financial considerations and that
substantial literature documents their ability
to distinguish undue inducements from pay-
ments that appropriately acknowledge the
interests of the subject { 7- /4. Thus, the Task
Force agreed to allow the SCRO process
to determine the financial considerations
involved in egg procurement. guided by the
principle that *there must be a detailed and
rigorous review to ensure that reimburse-
ment of direct expenses or financial consid-
erations of any kind do not constitute an
undue inducement.”

Encowraging compliance. To encourage
adoption of the ISSCR gwidelines by the
research community, and as a mechanism of
enforcement. the guidelines call for journal
editors and granting agencies, as a stipulation
for publication or funding. to require investi-
gators to attest o compliance with the ISSCR
guidelines or an equivalent set of regulations.
To set the guidelines into practice, sample
informed-consent documents for the procure-
ment of human research materials were cre-

ated and subjected w extensive peer review by
an external international group of ethicists,
research policy experts, and leaders of institu-
tional review boards and ES cell research
oversight committees. These documents en-
compass the principles articulated in the
ISSCR guidelines and are available from the
ISSCR Web site (/). The ISSCR hopes to
establish a database of human ES cell lines
that have been derived in accordance with the
ISSCR guidelines.

Finally, the ISSCR guidelines state that
researchers engaging in human ES cell re-
search must make their materials readily acces-
sible to the biomedical research community.
The guidelines thus include recommendations
for the dervation, banking, storage. and distri-
bution of research materials. and provide a
sample Matenal Transfer Agreement to facili-
tate exchange of research materials (/ /).

The Future

The ISSCR leadership is committed 1o ongo-
ing review and revision of the guidelines. and
appreciates that new research in science,
ethics, law, and policy will challenge us with
new questions, We are hopeful that the many
communities affected by and attentive to stem
cell research will consider these guidelines a
call for their robust participation in the
processes that decide the direction of research.
The ISSCR seeks the support of its member-
ship. members of other scientific societies.
our institutions, and the public to promote
adoption of the ISSCR guidelines globally.
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CELL SIGNALING

B-Arrestin, a Two-fisted Terminator

Eileen F. Grady

nce a cell detects a signal

say. a hormone or a factor that

simulates growth—it  must
relay that information to its interior so
that it can respond appropriately.

This scenario often involves a o P’ |
receptor at the cell’s surface, @ i

. ; ; Agonist
poised to transmit the signal binding

through a circuit of intracellular mole-
cules. Just as important as its activa-
tion, a signaling pathway also needs
to be shut down, or the cell risks an
undesirable response—perhaps uncon-
trolled proliferation or even cell death.
The molecule B-arrestin has long been
known to block continued receptor
signaling by associating with activat-
L‘d !'L‘L‘l.‘p[i!il'ﬁ, F | }'Ilhl,‘l'tl'lll.'l]h.‘.!'lﬂ]'l QIIJI.'I!U]'I-
strated most fully with G protein
coupled receptors (/, 2). B-Arrestin
also acts as a scaffold. upon which
other signaling molecules assemble to
participate in downstream signaling
events (3). On page 663 of this issue,
Nelson er al. (4) expand the capabili-
ties of PB-arrestin. It not only directly
terminates receptor activation, it also
simultancously facilitates the degrada-
tion of the immediate signaling mole-
cule produced by an activated receptor.
These findings are exciting because
P-arrestin has this dual effect for
a completely different receptor and
intracellular signaling molecule (5).
Therefore, these coordinated functions
of f-arrestin may be a common theme
among G protein—coupled receprors, the largest
family of cell surface signaling receptors.

In the case of the M1 muscarinic receptor,
the G protein—coupled receptor examined by
MWelson er al., J-arrestin recruits diacylglye-
erol kinase from the cytosol to the activated
receptor. The enzyme degrades diacylglye-
erol, the signaling molecule or “second mes-
senger.” that 1s generated in response to M|
muscarinic receptor activation (see the fig-
ure ). Through degradation of diacylglycerol,
[-arrestin negatively regulates protein kinases
C and D. In a twist to this signaling shutdown,
B-arrestin simultaneously initiates other sig-

The author is at the UCSF Center for the Neurobiology of
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Signal arrest. The activation of two different G protein—coupled recep-
tors by agonists generates second messenger signaling molecules. The
receptors are desensitized by phosphorylation by G protein—coupled
receptor kinase (GRK) and subsequent binding of f-arrestin, B-Arrestin
also simultaneously recruits different enzymes [diacylglycerol kinase
{DGK); phosphodiesterase 4 (PDE4)] to degrade second messengers,
further terminating signaling. Phosphatidic acid (PA) can act as another
second messenger.

naling events, because diacylglyeerol degra-
dation generates phosphatdic acid. a second
messenger involved in events such as vesicle
trafficking and kinase activation,

Melson er af. show that under basal con-
ditions, any of seven diacylglyveerol kinases
{or, B. 7. 6. €. L. and 1) can directly associate
with J-arrestin (type 1 or 2) when the mole-
cules are overexpressed in cultured mam-
malian cells. The ability of all of these diacyl-
glycerol Kinases to interact with P-arrestin
increases the likelihood of a general mecha-
nism for regulating the M1 muscarinic recep-
tor signaling pathway. The authors detected
diacylglycerol kinase C in a complex with
endogenous [-arresting moreover, diacyl-
glycerol kinase activity was associated with
endogenous B-arrestin, Surprisingly, stimula-

Agonist
binding

[i-arrestin escorts enzymes to activated
receptors, catalyzing the demise of signals
that are generated. This may be a common
theme among G protein—coupled receptors.

tion of endogenous M1 muscarinic
receptors with carbachel, or stimulation
of protein kinase C with phorbol ester.
did not increase the association of dia-

55 cylglyeerol kinase C with B-arrestin.

This suggests that interaction between
the two proteins is maximal under basal
conditions, and therefore constitutive.
If 5o, the availability of diacylzlycerol
kinases may depend on the available
cytosolic P-arrestin pool. And if this is
the case. activation of heterologous
receptors may alter the ability of a cell
to degrade a signal generated by a sec-
ond recepor.

Perry eraf. (3) showed that P-arrestin
causes degradation ofa second messen-
ger (cAMP) generated by activated
B,-adrenergic receptors by recruiting
phosphodiesterase 4 isoforms to the
activated receptor ( see the ligure). There-
fore, a common theme among G pro-
tein-coupled receptors might be that
B-arrestin both desensitizes a receptor
by preventing it from further activating
a heterotrimeric G protein (this conse-
quently decreases second messenger
production), and degrades second mes-
senger molecules by recruiting appro-
priate enzymes (see the figure). The phos-
phodiesterase, diacylglyeerol kinase,
and the receptors by which they aftect
siznaling have very disparate structures,
making this dual role of [-arrestin,
and its ability to regulate dissimilar
receptors, even more remarkable.

How can P-arrestin interact with all these
proteins? A structural analysis of the binding
sites of [-arrestin is long overdue; however,
some information has been gleaned from
studies on clathrin (6, 7). Clathrin binds
P-arrestin with high affinity only when
B-arrestin is dephosphorylated. a modifica-
tion that occurs upon binding to the receptor.
The receptor-f-arrestin interaction induces
a conformational change in B-arrestin that
exposes a C-terminal binding site for clathrin
(2. 8). Association with clathrin triggers endo-
cvtosis of the receptor, another means by
which -arrestin can shut down signaling.

Perhaps phosphorylation of cytosolic fi-
arrestin enables interaction with other nonre-
ceptor partners such as diacylglyeerol kinase.
MNelson er af. used deletion and truncation
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mutants o determine that F-arrestin binds w a
highly conserved cysteine-rich domain present
in all diacylglyeerol kinases. thus accounting
for its interaction with all the enzyme isoforms,
The authors also determined that diacylglye-
erol kinase C binds to a site in the C terminus of
B-arrestin that is different from the one that
binds to clathrin, What about ather proteins that
bind f-arrestin, including the small GTP-bind-
ing protein Rho and components of the MAP
kinase signaling cascade, among others (2)?
Only some of these binding sites have been
mapped, and most appear distinct. Are arrestin
dimers also required to enable receptor signal-
g regulation’!

Melson ef af, also found that carba-
chol-stimulated phosphatidic acid production
increased when [-arrestin was overexpressed
in cells, whereas production decreased in cells
depleted of B-arrestin—so low that a major
role tor B-arrestin in regulating phosphatdic
acid production due to receptor activation is
indisputable. In a related report, diacylglye-
erol kinase was 1solated and localized with
phosphatidylinositol 4-phosphate 5-kinase,
an enzyme that is activated by phosphatidic
acid and generates phosphatidylinositol 4,5-
bisphosphate. Phosphatidylinositol 4,5-bis-

phosphate is the precursor for the second
messenger diacylglycerol (¥). It is unknown
whether [-arrestin regulates the activity of
phosphatidylinositol 4-phosphate 5-Kinase
directly or only through formation of phos-
phatidic acid.

The binding of B-arrestin to diacylglycerol
kinases versus G protein—coupled receptors
was discriminated by using a form of -
arrestin 2 lacking the N terminus, a region
that his required for interaction with re-
ceptors.owever, this form could sull bind to dia-
cylglycerol kinases and acted as a dominant
negative [-arrestin, causing retention of diacy]-
glyeerol kinase C in the evtosol. It also blocked
phosphatidic acid production by the dia-
cylglyeerol kinase—[J-arrestin pathway (rather
than by phospholipase D). Because diacylglye-
erol is a second messenger for many diverse
receptors, as well as a regulator of ransient
receptor potential channel activity, this role of
[B-arrestin may have widespread physiological
consequences { /o,

The findings by Nelson er al. are pro-
vocative because of the questions they raise:
How much B-arrestin is required for a cell
to regulate signaling normally? Is this dif-
terent for distinet cells with discrete meta-

bolic activity or modes of signaling? It is
assumed that B-arrestin is present in all ani-
mal tissues and cells, but studies of B-arrestin
localization are few. What other receptors
types (11, 12) are regulated in a similar man-
ner? I B-arrestin similarly regulates signal-
ing for other receptors, what other enzymes
are recruited by B-arrestin? A whole new
group of enzymes participating in signal ter-
mination may become the newest nonrecep-
tor partner for B-arrestins (2. 7).

References
1. E.Reiter, R, ). Lefkowitz, Trends Endocringl, Metab, 17,
159 (2006).
2. R. ] Lefkowitz, 5. K. Shenoy, Science 308, 512 (2005).
3. D. K. Marrison, R. ). Davis, Annw. Rew Cell Dev. Biol, 19,
31 (2003).
4. C.D. Nelson et al, Science 315, 663 (2007).
5. ) Perry el al,, Science 298, B34 (2002),
V. V. Gurevich, E. V. Gurevich, Pharmacol. Ther, 110, 465
(2006,
1. V.. Gurevich, E, V. Gurevich, Structure 11, 1037 (2003).
B. ). G. Krupnick, O. B. Goodman ]r., J. H. Keen, ). L.
Benowic, ], Biol, Chem. 272, 15011 (1997).
9. B. Lug, 5. M. Prescott, M. K. Topham, Cell Signal. 16, 891
(2004,
10. R.C Hardie, | Physiol 578, 9 (2007).
11. A. Puckerin et al., J. Biol. Chem. 281, 31131 (2006).
12. F.T.Lin, Y. Daaka, R. . Lefkowitz, . Biol Chem. 273,
31640 (1998).

o oun

10.1126/5cience. 1138505

ECOLOGY

Tackling Ecological Complexity
in Climate Impact Research

Gian-Reto Walther

vidence for the ecological impact of

global climate warming has become

increasingly compelling. For example,
plants and animals adapt the timing of their
life cyeles or shift their ranges toward higher
latitudes and/or alttudes in response to
warmer climatie conditions (/). However, as
the study by Suttle et al. (2) on page 640 of
this issue shows, the observed responses of’
individual plant and animal species are just
the starting point of a cascade of interweaved
responses and feedback processes. In their
field experiment. Suttle ef al. imposed differ-
ent projected precipitation regimes over grass-
land in California to evaluate the effects of
these treatments on plant productivity and
species composition of plants. invertebrate
herbivores, and their natural enemies (2).

The author is in the Department of Plant Ecology,
University of Bayreuth, 95440 Bayreuth, Germany. E-mail;
gian-reto.waltherg uni-bayreuth.de

The experiment stands out for several rea-
sons. First, the S-year time span of the experi-
ment underlines the importance of experimen-
tal duration for drawing the right conclusions.
The lifetime of experimental research rarely
exceeds 2 to 3 years (3-3) (see the figure),
although the manipulated system may need
longer for the transition from initial disequilib-
rium o new equilibrium conditions. A field
experiment i Arctic tussock windra showed
that focusing on individual species’ responses
over the short term (3 vears) gave poor predic-
tions of their long-term (Y years ) response (6),
Carbon dioxide (CO,) enrichment experi-
ments in established forest stands revealed that
the stimulation of above-ground growth of for-
est trees in the first vears was a temporary
effect and was followed by a time-dependent
(in this case 4 to 5 years) adjustment of the
zrowthregime back walmost the same level as
before CO, ennchment (7). Hence. the
observed effects of manipulation depend heav-

Longer time scales and evaluation of temporal
effects are essential for analysis of ecosystem
perturbations.

ily on the time period of data evaluation and
suggest different interpretations.

In the grassland experiment by Suttle er af.,
the initial strong response of nitrogen-fixing
forbs (that is, nongrass flowering plants with
nonwoody stems) in the first few years was
reversed through feedback processes, and the
forbs were replaced by annual grasses, with
consequences for both biodiversity and food
web structure (2). Again, evaluation of the
experiments after the first few vears would
have resulted in different trends and mislead-
ing inferences compared to those revealed in
the longer run.

A second interesting feature of the Cali-
fornian grassland experiment is how the
projected precipitation regimes were imple-
mented. Long-term mean precipitation is a
useful indicator of the mtensity of the hydro-
logic evele, but the temporal and spatial pat-
terns of the precipitation regime are the most
important issues in determining impacts of
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Mumber of experiments
Py,

a1

Spatial scale

Not to scale. Ecological complexity increases with
scale, whereas the number of ecological experiments
shows the opposite trend. There is a strong tendency
to ignore possible complicating factors of ecological
complexity operating over a larger scale. This sche-
matic chart is based on (11, 12).

precipitation changes (8). In the grassland
expeniment, effects of increased rainfall de-
pended strongly on the seasonality of the
increase. Communities experiencing addi-
tional watering during the wet winter season
responded similarly to those exposed to ambi-
ent runfall. whereas watering at the end of the
rainy season led to substantial and sustained
changes in the composition of the affected
communities (7). Hence. different temporal
treatments representing the same trend of
increases in annual precipitation, but with
different seasonal patterns, highlighted the
imporiance of the timing of rainfall,

There is a third reason for interest in these
results. Although i1t 15 generally agreed that
climate change will affect the temporal and
spatial association between species interact-
ing at different trophic levels, many studies
concentrate on the effects of a single variable
on a particular species. Thus, there is a strong
tendency to ignore possible complicating fac-
tors aperating over larger scales and/or multi-
trophic levels (4, ¥). Long-term field data
from grassland habitats in Germany indicate
that different trophic levels respond differ-
ently tw climate fluctuations and suggest that
differential rophic responses are likely o be a
common, widespread, and important phe-
nomenon (/7). The community-level interac-
tions considered in the experiment by Suttle
et al, were strongly influenced by persistent
altered environmental conditions and not a
consequence of short-term fluctuations of
the precipitation regime. The initial signal of
increased plant species richness and greater
diversity and abundance of invertebrate herbi-
vores, predators, and parasitoids was reversed
in the course of the expenment as a result of
the increasing share of annual grasses with

low nutritional value and monocultures of
these plants offering low structural complex-
ity. This finally led to a simplification of the
grassland community as a whole (2).

Together, these examples warn against
overstating the results of inappropriate exper-
imental conditions in terms of temporal
[and also spatial (4, /7)] scales (see the fig-
ure ). Careful interpretation of experimental
data is thus crucial to avoid overinterpretation
of early experimental resulis. In general, time-
series analysis should be performed over as
many vears as possible.

The study by Suttle er af. shows how one
can tackle ecological complexity in manipula-
tive experiments: The 3-vear duration of the
experiment has revealed reversal trends of ini-
tial effects: different temporal patterns of
treatment highlight the importance of the
timing of rainfall compared to the annual
amount: and feedback processes through
higher trophic levels may overturn direct cli-
matic effects on the species level and reverse
community trajectories. These aspects make
this work particularly valuable for ecological
experiments and for global change research in

PERSPECTIVES

weneral, It is a strong reference for the impor-
tance of field-based long-term monitoring and
experiments lor climate impact studies.
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Mitochondrial Longevity Pathways

Gyidrgy Hajnoczky and Jan B. Hoek

A cytosolic protein that translocates into the mitochondria may serve as an integration point for
signaling pathways that control longevity and cell death.

he quest for longevity has led to the

discovery of several genes that affect

the life span of organisms ranging
from weast to mammals, An increased lite
span has been linked to the expression of sir-
twins, impaired function insulin receptor
homologs, and absence of the signaling pro-
tein p66Se. Several cell signaling pathways
associated with these Factors converge on the
Forkhead FOXO family of transcription fac-
tors. which regulate the expression of a bat-
tery of siress response proieins that affect
antioxidant capacity, cell eycle arrest, DNA
repair, and apoptosis (/). Life span-regulating
proteins also directly affect mitochondrial
function, mcluding energy metabolism and
reactive oxyeen species production, in which
p6H6S* plays a critical role. How these mito-

The authors are in the Depamtment of Pathology, Anatomy
and Cell Biology, Thomas Jefierson University, Philadelphia,
PA 19107, USA. E-mail: gyorgy. hajnoczky @jefferson.edu,
jan.hoek @jefferson.edu

chondrial processes mtegrate with the up-
stream signaling events to control life span
has remained enigmatic. On page 6359 of this
issue, Pinton e al. describe a signaling path-
way that controls the mitochondrial actvity of
p66™ ( 2) (see the figure) and provides insight
inte how this integration might occur.

The extended life span of mice lacking
p66S* has been correlated with a decrease in
mitochondrial metabolism (3) and reactive
oxygen species production (4). Pinton er al.
show that p665™ is required Tor early mito-
chondrial responses to an oxidative challenge
(hydrogen peroxide, H,0,). These responses
include mitochondrial fragmentation and
suppression of Ca?* signal propagation to the
mitochondria, followed by execution of
apoptosis (cell death) in murine fbroblasts.
The authors found that early mitochondrial
response to H,(0, mereased progressively
with cell culture age. and used this model
to map the signaling cascade through which
pe6F= affects mitochondria.
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Reactive oxyoen species affect the activity
of many protein phosphatases and kinases.
Phosphorylation of p66™ on Ser™ canbe medi-
ated by several protein Kinases and is
indispensable for life-span regulation by
pb63™, Pinton et al. show that inhibiting or
silencing protein kinase C B protects cells
against H,0, challenge. Furthermore, overex-
pression of protein kinase C [} reproduces the
mitochondnial fragmentation and Ca®* signal-
ing defect in cells expressing
p665e, but not in cells lacking

its dephosphorylation and dissociation {rom
miHsp 70, but it remains unclear as 1o whether
dephosphorylation by the phosphatase PP2A
oceurs before, upon, or after ranslocation nto
the organelle. Once in the intermembrane
space, p66® interacts with reduced cyto-
chrome ¢ to produce H, 0., which can promote
opening of the mitochondrial permeability
ransition pore. The sensitivity of the suppres-
sion of mitochondrial Ca®* signaling and frag-

&
p66¥<, Cells expressing a mutant *,,_g.a*’”
form of po6S™e (pe6S*S36A) that *

. . ; AT b AL (her receplons @

cannot be phosphorylated also lack or Pk ruokines.

the early mitochondrial response o
protein kinase C B activity, indicat-
ing a requirement for po63< phos-
phorylation. Thus, there 1s remark-
able interdependence between pro-
tein kinase C P and p66°™ in the
mitochondrial response to oxidative
challenges. Although H,0, chal-
lenge seems to employ only pro-
tein kinase C B to phosphorylate
ph63e this step may serve as
an integration site for multple
protein kinases activated by cell
surface receptors.

P66% localizes predominantly in
the evtoplasm, with a smaller frac-
ton (10 w 40%) in the mitochondrial
intermembrane space (3. 5). The pro-
tein lacks a conventional mitochon-
drial targeting sequence, but is
association with the mitochondnial
TOMTIM import complex and the mitochon-
drial heat shock protein miHsp70 has been
reported (). Pinton e al. put forward the origi-
nal idea that phosphorylation of Ser® induces
translocation of phosphorylated p66™* 1o the
mitochondria. They also provide evidence that
both H,0, challenge and protein kinase C B
activation promote binding of p66™< 1o Pinl,
causing this ranslocation. Pinl 1s a pepudyl-
prolyl isomerase that induces cis-trans iso-
merization of phosphorylated Ser-Pro bonds.
This confers phosphorylation-dependent con-
formational changes in Pinl targets. Pinl has
been studied in the context of the processing of
phosphorylated proteins in Alzheimer’s disease
(f). but the present data suggest that it has
broader importance. Binding of phosphorylated
pe6™™ to Pinl may expose a hidden sequence
that targets po63%to the mitochondria. It is pos-
sible that this unconventional targeting mecha-
nism might enable p66™ 1o interact with a spe-
cific subset of a heterogeneous mitochondrial
population, and provide a means for differential
regulation of mitochondria by phos,
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mentation to inhibitors of the permeability

transition pore shows that these effects of

p66¥™ are downstream of the pore opening.
Interestingly, H,O, formation in the mitochon-
dria is required for pore opening even when
cells are exposed w an H,0, challenge. Perhaps
pb6™-mediated reactive oxygen species gen-
eration requires a favorable environment in the
intermembrane space to comvert H,0, 1o more
damaging hvdroxy] radicals and/or provide
access to hidden sulthvdryl groups that regu-
late the permeability transiton pore (7).

How is permeabilization of the mitochon-

drial inner membrane associated with onset of

the aging phenotype? In the model of Pinton
et al., poG™* supports an apoptotic response
to a massive oxidative challenge, a classical
consequence of permeability transition pore
opening and the ensuing release of eyto-
chrome c. Apoptosis and removal of seriously
damaged cells may play a role in both extend-
ing and shortening the cells hfe span.
Apoptosis involves the entire mitochondrial
population displaying a coordinated response
throughout the cell (§). However, pore activa-

tion confined o a subpopulaton of mitochon-
dria could help remove impaired mitochon-
dria by triggering their disposal by autophagy
and degradation in lysosomes (9). Indeed,
aging may be associated with impaired auto-
phagy (/0) and inhibiting autophagy pre-
vents life-span extension in the nematode
Caenorhabditis elegans (11). Thus, poeSe-
dependent mitochondrial fragmentation and
suppression of Ca?* uptake may be relevant to

E‘mﬂ?usu ic Rm{-u%

Signal integration. Phosphorylated pé6™ may serve as an integration point for many signaling pathways that affed
mitochondrial function and longevity. The pathway described by Pinton et al. is marked in red. Protein kinase C[5 (PRC]).

localize and attenuate mitochondna damage
where reactive oxygen species are produced
as part of a mitochondrial quality control
mechanism. Mice lacking p66¥< apparently
remain healthy in the laboratory setting (£2),
but their sensitivity to environmental stress
remains to be established. Thus, p66®™ may
protect the organism against stress, but if tar-
geted destruction of mitochondria by p66St
overwhelms the autophagy capacity of the
cell. this would set the stage for the accumula-
tion of unprocessed oxidative-damaged cell
constituents, a classical correlate of aging.
This conclusion suggesis that regulating
autophagy of damaged mitochondria may
constitute another piece of the aging puzzle,
The serine-threonine kinase mTOR is a criti-
cal inhibitor of autophagy (/) and also
enhances mitochondrial metabolism and reac-
tive oxygen species generation (3). Therefore,
p66™e and mTOR may interact to integrate
multiple aspects of cell homeostasis that are
relevant for aging. Sirtuins also may altect
mitochondrial function beyond the expression
of FOXO-regulated anvoxidam and proapop-
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totic proteins, Notably, PGC- 1o, a transcrip-
tional coactivator that controls mitochondrial
biogenesis and energy metabolism, is regu-
lated by the sirtuin SIRT1. Also, several sirtu-
ins localize to mitochondria where they aftect
critical metabolic functions (/3-/35). SIRTI
and other life span—controlling proteins also
have direct links to the mitochondrial perme-
abilization and autophagy. perhaps through
Bel-2 family proteins (/4).

The factors that set the stage for the mito-
chondrial contribution to the aging process
include inputs  from  different  directions.
Reactive oxygen species production in mito-
chondria 15 regulated by metabolic activity,
substrate supply, and mitochondrial membrane

potential. Superimposed on this backeround,
mitechondrial import of p665% can provide an
additional reactive oxygen species—producing
element to trigger a local permeability transi-
tion pore opening that {together with other
inputs ) controls life span. Of course. this does
not exclude a role for mitochondrial po6™ in
normal cell management of stress and damage
repair. In fact. a recent study showed that p66S*
is highly expressed in fibroblasts from cente-
narians ( /6). P665™ may well keep us fit while
helping us age.
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CHEMISTRY

Watching Atoms Move

Joel D. Brock

ormore than a century, x-ray diffraction
has provided detailed information on
the structure of matter on atomic length
scales. The recent advent of high-energy x-ray
free-electron lasers (XFELs) now provides
researchers the ability to watch matter move
on both atomic length and time scales. On
page 633 of'this issue. Fritz er al. { /) report the
use of ultrashort x-ray pulses from an XFEL
to measure the dynamics of atomic vibrations
in bismuth when excited by photons. These
measurements provide researchers direct tests
ol calculations of highly excited electronic
states and provide basic nsights into our fun-
damental understanding of condensed matter.
Our understanding of the static or time-
averaged structure of matter on atomic length
scales has been dramatically advanced by
direct structural measurements with x-rays.
The current technical capability of x-ray crys-
tallography is immense. The cover of Science
regularly displays the structure of biologically
important  macromolecules  determined
through x-ray crystallography, and it is not
unusual for these structures (e.g., viruses) o
contain millions of atoms. However, the strue-
ture of matter 15 not static. Developing our
understanding of the fundamental behavior of
matier requires structural measurements on
the time scales on which matter moves,
There are several important physical time
scales of interest. Conformational relaxations

The author is in the School of Applied and Engineering
Physics, Cornell University, Ithaca, NY 14853, USA.
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The X-ray free-electron laser has made possible
a direct test of potential energy surface models
for highly excited states of bismuth.

Bismuth sample
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linear accelerator enter an XFEL undulator that generates short x-ray pulses. These are used to create difirac-
tion patterns of the bismuth fail, which is heated by pulses from a laser. Electra-optic sampling (EOS) is used
to detect the relative position in time of the x-ray and laser pulses, so that changes in bismuth lattice vibra-

tions can be determined precisely.

in molecular systems and electron-lattice
energy transfer in crystalline solids tvpically
occur in a few picoseconds. Faster still are
atomic vibrational periods, which are typi-
cally on the order of 100 femtoseconds. The
characteristic time scale for electron-electron
collisions in solids is on the order of 10 fem-
toseconds. And, quickest of all, are correla-
tions in the dynamics of interacting electrons,
which tvpically decay in less than 1 femiosec-
ond. The key feature of all these time scales is
that they are all “ultrafast™ that i1s. a few
picoseconds or shorter,

To date, ultrafast science has been the
domain of femtosecond lasers operating at
ultraviolet to infrared (IR) wavelengths. These
wavelengths are not short enough for struc-
tural studies on atomic distances, and they are
able wo probe only those electronic states that
extend over muluple atoms. However, build-
ing a suitable “hard™ x-ray source (i.c., ong

that emits photons with wavelength in the
range | to 2 angstroms, or an energy of about
10 keV) represents a major challenge,

For the past 35 vears, the intense and
highly collimated hard x-ray beams produced
by synchrotron sources have been enormously
successful both for static structural studies
and for time-resolved studies down to the sub-
nanosecond range. However, it is very diffi-
culi tocreate auseful ulrafast x-ray pulse with
a conventional synchrotron because the equi-
librium nature of an electron storage ring
limits the electron-bunch length to the
1 O-picosecond range. Using state-of-the-art
accelerator technology to “slice™ the electron
beam. researchers can generate ultrafast x-ray
pulses (e.g., 200 femtoseconds) (2-4). The
result is an ultrafast pulse of hard x-rays. but
the slicing technique uses only a small frac-
tion of the electrons in the bunch, dramatically
reducing the lux. Consequently, there is a

www.sciencemag.org 3SCIENCE VOL 315 2 FEBRUARY 2007

609




PERSPECTIVES

610

large worldwide effort o build linear acceler-
ator { LINAC)-based ultrafast x-ray sources
such as an XFEL or an energy recovery
LINAC (ERL). XFEL and ERL sources cir-
cumvent the equilibrium electron-bunch size
by using a LINAC rather than a storage ning.
Fritz et af. report femtosecond x-ray dif-
fraction measurements performed at the
Sub-Picosecond Photon Source (SPPS) at
the Stanford Linear Accelerator Center

(SLAC). The SPPS was a prototype XFEL

X-ray stopwatch. The relative temporal position of the electron
bunches {white) interacts with an electro-optic crystal which, in
turn, imprints a polarization transient on the laser (red) pulse.

built using the 2-mile-long LINAC at SLAC.
These data represent the first real experimen-
tal glimpse into the behavior of materials at
both atomic length and time scales. In their
experiment, an ultrafast near-1R laser pulse
photoexcites charge carriers in a bismuth
crystal, which in turn excite one of the
vibrational modes of the lattice—in this
case, a coherent optical phonon (see the
tirst figure). In essence, the nonequilibrium
charge distribution abruptly alters the mter-
atomic potential energy surface. thereby creat-
ing the force that drives the atomic motion.

The dvnamics of the resulting vibrational
mode are determined by the shape of the
nonequilibrium potential energy surface.
Thus, by measuring the dynamics of the Jat-
tice motion, Fritz ¢t al. are able to determine
the (quasi)-equilibrium position and curva-
ture of the interatomic potential.

From a chemical point of view, having a
fundamental understanding means understand-
ing the adiabatic energy surface on which the
constituent atoms move about during a chemi-
cal reaction, This is a very similar
sitwation. We are watching the
atoms move about after abruptly
changing the potential energy sur-
face. Thus, this experiment pro-

our current fundamental under-
standing of the interatomic po-
tential energy surface of a highly
excited atom as predicted by den-
sity functional theory.

On their way to making these
measurements, the experimenters
achieved several very important
technical advances. The first was building
and operating the SPPS. The second ad-
dressed a long-standing 1ssue for pump-probe
experiments with XFELs. One of the features

of current XFEL designs is the generation of

intense x-ray pulses by the self~amplitied
spontaneous emission (SASE) process. In
SASE. density fluctuations in the electron
bunch are amplified o make the pulse.
Therefore, the pulses of x-rays vary in size,
and there 15 no exact relation between the
location of the electron bunch and the phase
of the LINACS radio frequency accelerating

vides a clean, quantitative test of

field. In this work, the researchers measured
the armval time of the x-ray pulse on a shot-
byv-shot basis with an electro-optic technigue
() (see the second figure). They then were
able 1o use the pulse timing variation to obtain
the relative delay between the pump laser
pulse and the probe x-ray pulse, a vital piece
of information in the experiments. Thus, they
were able to turn what many predicted would
be a major obstacle or challenge into a posi-
tive feature.

This clever use of XFEL beams will be

crtical o garnenng the immense promise of

these new sources. Chemists would like to
make “movies” of reactions as molecules
approach each other, form the imtermediate
transition states. and then relax into final
products. Materials scientists would like to
study the dynamics of events during thin-
film deposition. Condensed matter physi-
cists would like to study the lowest-energy
excitations of unusual systems such as
high-temperature superconductors, heavy
fermion svstems charge- and spin-density
wave systems (fractional), quantum Hall
systems. and colossal magnetoresistance
systems. And, of course, the grandest chal-
lenge of all 15 to understand in detail
the electronic, structural, and chemical
processes involved in photosynthesis,
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Coherence and Symmetry Breaking
at the Molecular Level

Andrei Sanov

oherence is the ability of waves o
combine their oscillations in a de-
fined, nonrandom fashion. It is a cor-
nerstone of wave interference, such as when
water waves join in one large swell on the
ocean surface or when light waves are gener-
ated in lockstep to forma bright laser beam. In
quantum mechanics, all particles behave like

The author is in the Department of Chemistry, University
of Arizona, Tucson, AZ 85721, USA. E-mail: sanov@
u.arizona.edu

waves, and coherence is therefore a universal
concept determining the fundamental proper-
ties of matter.

Coherent effects are most obvious when
the interfering waves are restricted by symme-
try. For example, electrons in molecules

are described by coherent combinations of

orbitals from different atoms, In symmetric
molecules, the contmbutions of equivalent
atoms 1o the bonding are limited to equal
amphitudes, resulting in symmeiric electron
density distributions, However, in some cases,

Contrary to expectation, when an electron
leaves a symmetric dihydrogen molecule
before dissociation, the breakup is asymmetric.
This paradox can be understood by considering
fundamental properties of interacting waves.

coherence can undermine symmetry, result-
ing in asymmetric spectral line shapes (/) or
product distributions. To examine how this
can happen, one may start by asking whether it
15 possible to distinguish two ends of a
homonuclear distomic molecule such as H.,.
The very premise may appear absurd: It
seems 1o violate not only molecular symme-
try. but also the fundamental indistinguisha-

bility of identical nuclei. Yet, on page 629 of

this 1ssue. Martin et a/. report asymmetric
electron emission from H,, followed by asym-
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metric dissociation of the remaining
maolecular on to a proton and a hydro-
gen atom (2). The dissociative ioniza-
tion thus breaks the inversion symme-
try both of the H, molecule and of the
ncident linearly polanized light.

The photoelectron distributions
that lack inversion symmetry with
respect to the molecular center of
mass can be observed only because

Superposition

Z o
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AN
(%)

Time-dependent interference

the two ends of the ironized mole- B |
cules are ultimately distinguished by~ ga gm;;_\\ de Broglie
the different charge states of the final ~— waves waves

fragments, H and H”. Even so, the
result 1s counterintuitive, especially
if one expects the ionization merely
to gject an electron from the lowest-
energy orbital of H,. This orbital
15 symmetrie with respect to inver-
sion, that is. it is said to be of gerde
(even) parity. Since quantum mech-
anics requires the electron parity to
change upon the absorption of a sin-
ele photon, the departing electron
will be described by an ungerade
(odd) wave function. corresponding
to a perfectly symmetric photoelec-
tron distribution,

This description is based on two
oversimplifications. First, it assumes
that the two electrons are completely
independent from each other, and that
the emited and remaining electrons
thus cannot exchange parity. Second,
it decouples the ionization and disso-
clation processes by not taking into
account the excited states of H,.
which contribute by way of delayed
auloiomZation.

As discussed by Martin er al., electron
waves of both ungerade (odd) and gerade
(even) parity are in fact emitted from H, via
multiple direct and indirect 1onization ¢han-
nels (2). A combination of odd and even fune-
tions is. in general. neither odd nor even. Thus,
interference of the gerade and wngerade
waves yields an asymmetric photoelectron
distribution, which generally favors one or the
other end of the molecule. This implies that
the two nuclei in the remaining H," are no
longer equivalent and the probability of
charge localization on either one of them may
differ from 50%,

To put this asymmetry in context, con-
sider the dissociation of a homonuclear
diatomic ion, either positive or negative. via
a single channel of defined parity. As it falls
apart, X, or X, will retain its parity and
symmetric charge distribution, X*12--X*12,
until the loss of coherence due to external
perturbations causes the charge 1o localize
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Molecular interferometer. In the jonization of a homonuclear
diatomic molecule, the photoelectrons are superpositions of
waves emitted from two equivalent atoms (top). When photoion-
ization is used as a probe of dissociation, the atoms separate at a
speed determined by the reaction energetics, giving rise to time-
dependent interference (middle). At large separation R, the
interatomic coherence is lost and the photoelectrons are emitted
from one or the other atom, without interference (bottom). Blue
and red colors indicate wave crests and troughs, respectively.

on one atom or the other. (Coherence is not
really “lost.” but transferred to a larger sys-
tem including the perturbing fields.) Until
then, the dissociating ion can be viewed as
a coherent superposition of the localized-
charge states,

This deseription is reminiscent of the
famous double-slit experiment (3), in which
electrons pass through a partition that has two
openings. The electrons hit a screen and create
an interference pattern, but we do not know
which path the particles take. If'we ascertain the
path, the interference pattemn disappears. In the
case of the diatomic ion., the charge remains
coherently delocalized, similar to the electron
passing through both slits at once. unless a
measurement is performed to resolve one ofthe
two possibilities. The asymmetric fragment
states inthe dissociatve ionization of H, can be
described as superpositions of the localized-
charze states with differing amplitudes, corre-
sponding to slits of unequal width. The mea-
surement of the H® recoil direction effectively

PERSPECTIVES

identifies the charged fragment, similar o de-
termining which of the two slits an eleciron
passes through in the double-slit experiment.

This parallel can be taken further. The ion-
ization of any homonuclear diatomic molecule
15 naturally deseribed in “double-slit” terms, as
the superposition of waves emitted from two
coherent atomic centers. This gives rise to a
conceptual view of a molecular-scale interfer-
ometer (see the figure) with path lengths deter-
mined by the internuclear distance K.

As in any interference scenario, the exper-
imental observables depend on R/, where &
in this case is the de Broglie wavelength of
the emitted electrons. The importance of
this parameter was recognized by Cohen and
Fano (4). who predicted that the 1onization
cross sections of homonuelear diatomic mol-
ecules should depend periodically on R/A.
This conclusion has since been extended o
more subtle observables., such as photoelec-
tron angular distributions,

The dependence of angular distributions
on R/ has been observed in two different
regimes: by varying the photon energy and
hence the electron wavelength (4, 5); and as
a function of R in time-resolved dissociation
{6, 7). The second scenano corresponds to the
dynamic molecular interferometer (see the
figure). where photoelectrons are emitted
coherently from two recoiling centers, as has
been descnbed recently in the photodissocia-
tion of I,™(7). The interference parameter R/A
in this case couples the molecular dissociation
and electron emission dynamics via R(r) and
A. respectively. The experiment also showed
that the excess eleciron can remain coherently
delocalized over large internuclear distances
{tens of angstroms), providing a sriking
demaonstration of the persistence of symmetry
and coherence.

With modern experimental technigues. the
collusion of symmetry and coherence can be
scrutinized in a diverse range of elementary
quantum processes. Quantum theory is thus
being subjected to the most rigorous test imag-
inable. including the search for its possible
limitations. These studies propel our under-
standing of chemical interactions and bonding.
probing the driving force of chemical reac-
tions—the electron dynamics,
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Mesoscale Iron Enrichment
Experiments 1993-2005: Synthesis
and Future Directions
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Since the mid-1980s, our understanding of nutrient limitation of oceanic primary production has
radically changed. Mesoscale iron addition experiments (FefAXs) have unequivocally shown that
iron supply limits production in one-third of the world ocean, where surface macronutrient
concentrations are perennially high. The findings of these 12 FeAXs also reveal that iron supply
exerts controls on the dynamics of plankton blooms, which in turn affect the biogeochemical
cycles of carbon, nitrogen, silicon, and sulfur and ultimately influence the Earth climate system.
However, extrapolation of the key results of FeAXs to regional and seasonal scales in some
cases is limited because of differing modes of iron supply in FeAXs and in the modern and
paleo-oceans. New research directions include quantification of the coupling of oceanic iron and

carbon biogeochemistry.

he work of John Marin (/, 2) sharply

I focused attention on the role of iron (Fe)

in occan productivity, biogeochemical
eycles, and global climate by proposing “that
phytoplankion growth in major nutnent-rich
waters is limited by iron deficiency™ (20 The
candidate mechanism of Martin (/. 2) points
to the importance of changes, over geological
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time, in the magnitude of macronutrient uptake
by phyvioplinkion in waters where macronu-
trient concentrations are perennially high (/).
Specifically, Fe supply 1o the occan was much
higher durng glacial maxima than at present
(), and it is estimated that the increase in Fe-
induced productivity could have contnbuted
perhaps 30% ol the 80-ppm drawdown in
atmospheric €05 observed during glacial
maxima by enhancing the occan’s biological
puimp (3).

Early resulis from shipboard incubations
in high nutrient-low chlorophyll (HNLC) wa-
ters presenied compelling but equivocal evi-
dence that phvtoplankton growth was limited
by Fe availability (2). Aflter rigomous discussion,
a consensus was reached (4) that., because ship-
board experiments have artifacts, mesoscale
Fe addition experiments (FeAXs) offered the
best approach to resolve questions about the
role of Fe in occan productivity, C cycling,
and climate. The main objective of FeAXs
wias to test whether Fe ennchment would -
crease primary productivity in HNLC waters,
but additional guestions focused on how Fe
cnrichment would affect nutrient use and ex-
port ().

The em of mesoscale Fe enrichments started
with IronEx 1, where Fe and the conservative
tracer SFg (5) were added o tropical HNLC
surface waters (0). A further 11 FeAXs ol sim-
ilar design (7, &) in different HNLC regions
(Fig. 1) kmer confirmed the capability 1o study
pelagic ecology and biogeochemical cycling in
a discrete water parcel over time and space
scales of weeks and kilometers, Complementary
approaches include ship-based obscrvations of
persistent blooms within HNLC waters (Fig. 1),
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termed here FeNXs (Fe natural ennchment ex-
periments), that are doven by sustained and
localized Fe ennchment (%),

Common Findings in FeAXs

FeAXs have cach used a common framework
{7y that enables companson of their biogeo-
chemical signatures (Table | and tables S1 10
53). The results of FeAXs have substantially
increased our understanding ol ecological and
biogeochemical dynamics and their imerrela-
tionships, and many findings are consistent with
theory-based predictions of ecosystiem dynam-
ics. For example, they have shown that phyto-
plankton grow faster in wammer opon-oocan
walers (table 82), as predicted by algal physio-
logical relatonships (/0), and that blooms
across a rnge of FeAX sites display an inverse
relationship between chlorophyll concentration
and muxed-laver depth (Table 1), as forecast by
theorctical relatonships between light penetr-
ton and nuxed-layver depth (8, {f. [2). More
specifically, FeAXs have verified that Fe en-
Achment enhances primary production from
polar 1o tropical HNLC waters (Table 1) and
confirmed that Fe supply has a fundamental role
in photosynthesis (photosynthetic competence,
table S1). diatom sinking, Fe uptake mtes (/3),
and other physiological processes. FeAXs have
demonsirated reduced silica requirements of
distoms when relieved ol Fe stress (J4), con-
firming results from bottle cxperiments (15).

These mesoscale expeniments have pro-
vided detailed time-series observations, within
a tracer-labeled pareel of water [1.e., a Lagran-
gign framework (7)), of open-ocean blooms
from initiation through evolution and decline
{Table 1). Data collection within a Lagrangian
framework gives unparlleled insights into
bloom dynamics and clanfies how the intemplay
of factors such as initial conditions (able S1)
and loss processes defines properties such as
bloom magniude, which exhibits a Factor of 10
rnge in chlorophyll concentmtions beiween
FeAXs (Table 1) The broad suite of measure-
ments and their high temporal resolution in
FeAXs will be a useful tool o better interpret
the less highly resolved observations available
for naturally occurring blooms [e.g., the Ant-
arctic Environment and Southern Ocean Pro-
cess Study (AESOPS) (/16)]. Furthermore, the
high-resolution data sets have enabled the estab-
lishment of a mechanistic understanding, in
some FeAXs, of the evolution, termination, and
decline phases of blooms (/7) (Table 1) The
durations of these bloom phases provide an es-
timate of the lag time between the accumulation
of phvtoplankion C and its subsequent expon
(/73 such an estimate has proved elusive in pre-
vious studies (/8),

This experimental approach has presented a
platform to examine in detail the interactions
of top-down and bottom-up control—outlined
in the ccumenical Fe hypothesis (/9)—on phy-

wWwWw.sCiencemag.org



toplankton community straciure,
For example, stocks of all phyto-
plankion groups increased imitial-
Iy upon Fe enrichment, but only
the distoms bloomed (Table 1)
by ecscaping grazing pressunc,
Thus, unlike bottle incubations,
FeAXs offer a holistic approach
to swdving the entire pelagic
food web, This enables assess-
ment of the interplay of ecological
processes and the resultam bio-
eeochemical signals, such as Fe-
mediated increases in hapiophyte
abundances (able S2) and con-
sequent Faunistic shifis within
the microzooplankion (20 (able
52) that lead 1o changes in di-
mcthy ] sulfoniopropionate { DMSP)
2y and dimethyl sullide (DMS)
concentrations (200 (Table 1), re-
spactively. These changes in DMS
concentration  demonstrate that
climate-reactive biogenic gises

in addition w0 CO,
considered to obtain the cumu-

inust be

lative effect of Fe enrichment on
climate.

The scale of FeAXs, and in
particular their use of the SFg
tracer, enabled the construction
of pelagic biogeochemical bud-
gets for C (7 and Fe (27) un-
der high-Fe conditions. FeAXs
have permitted the study of wheth-
er speciation controls Fe bio-
availability (223, the mechanisms behind
changes in the production of Fe-binding ligands
(FeBLs) in response 1o enhanced Fe (table 83),
and other aspecis of Fe chemistry. The SFg tracer
has also helped demonstrane that the underlving
physics at FeAX sites alters the bloom biogeo-
chemical signawre both by diluting phyto-
plankion stocks (Table 1) and by increasing the
macronutrient inventory of the paich (1able 53).
Such patch dilution may result in experimental
antifacts including amested bloom  development
( 23). which leads 1o reduced macronutnient uptake,

Together, the wide mnge of expenmental
condions and resulting breadth of bloom sig-
naturcs evident from FeAXs (Table 1 and 1ables
S1 w 83) provide an essential data resource
improve existing ecological and biogeochemical
models and to develop new ones. For example, a
new model of DMS dynamics developed during
Subarcie Ecosystem Response 1o Iron Enrchment
Study (SERIES) provides a better understanding
of how the complex imerplay of physical, photo-
chemical, and biological processes aflects the
temporal evolution of mixed-laver DMS concen-
trations {24),

Scaling Up the Results from FeAXs

A key issue o be addressed is how naural or
anthropogenic variability in Fe supply aflects

ocean biogeochemistry and global elimane (23).
FeAXs are relatively shor-term experiments
specifically designed 1w test whether Fe supply
limits primary production in HNLC waters, and
therefore they can address this issue only by
extrmapolation. Here. we consider whether find-
ings from FeAXs can successfully be scaled up
temporally {scasonal o geological) and spatially
(regional 1o global), Four issues, addressed
below, are central to tests of the validity of such
extrmpolation,

Macronutrient Uptake

The degree ol Feemediated algal uptake ol the
mixcd=layer macronutrient inventory will deter-
ming bloom longevity (/7) and influence the
magnitude of C sequestration (f, 3). FeAXs, on
a time scale of weeks, have exhibited a wide
range of nutricnt uptake (lable S3), with de-
pletion of =0.75 and =0.6 of the mixed-layer
silicate and nitrate inventory, respectively, in
several cases (table S2). Polar FeA Xs, although
of longer duration (Table 1), have resulied in
<013 of the macronutrient inventory being used,
although inventories at polar FeAX sites are
greater than in other HNLC regions (table 52).
Fe-mediated dimom blooms in both FeAXs
(table 82} and matural conditions (6, 26) can
deplete silicate but not nitrate, which has led o

f"?-. |-_ \'\"I- | : .'-u'l.'-.-'l

Fig. 1. Annual surface mixed-layer nitrate concentrations in units of pmol liter™ (48), with approximate site
locations of FeAXs (white crosses), FeNXs (red crosses), and a joint Fe and P enrichment study of the subtropical
LNLC Atlantic Ocean (FeeP; green cross). FeAXs shown are SEEDS | and Il (northwest Pacific; same site but symbols
are offset), SERIES (northeast Pacific), IronEX | and Il (equatorial Pacific; IronEX 11is to the left), EisenEx and EIFEX
(Atlantic polar waters; EIFEX is directly south of Africal, SOIREE {polar waters south of Australia), SOFEX-5 (polar
waters south of New Zealand), SOFEX-N (subpolar waters south of Mew Zealand), and SAGE (subpolar waters
nearest to New Zealand). FeNX sites shown are the Galapagos Plume (equatorial Pacific), Antarctic Polar Front
(polar Atlantic waters), and the Crozet and Kerguelen plateaus (Indian sector of Southern Ocean; Crozet is to the
left of Kerguelen). For the geographical positions of the FeAXs, see (8). FeeP investigated whether N-fixing
phytoplankton are simultaneously limited by Fe and P; see Table 1.

bloom decline. SERIES suggests thal both Fe
supply and diatom species succession, as a resull
ol decrcasing silicate concentrations, set the
silicatemitrate upiake stoichiometry (/7). Thus,
although longer-tenm Fe enrichment (months)

may result in uptake of a greater proportion of

the macronuirient inventory, it is difficult w
scale up the findings ol FeAXs without infor-
mation on the long-term stability of phvtoplank-
ton community structure, such as diatom specics
succession (f 7).

Mediation of bloom decline via macro-

nutrient depletion means that grser control of

phytoplankion stocks is less likely on the shorter
tme scales typical of FeAXs, This may also ap-
ply in some cases o the Last Glacial Maximum,
as abundant diatom resting spores from Southem
Ocean sediment cores indicate substantial expon
from diatom blooms in the Atlantic sector trig-
gered by nutaent exhaustion rather than grazer
comrol (27). Thus, FeAXs may mimic naturally
occurring blooms that are transiem (weeks) and
are terminated by mapid nutrient depletion with
consequently litle change in the grmzer com-
mumnity {7},

Bloom Time Scales and Food Web Dynamics

FeAX blooms may be subject o zooplankion
grazing (Table 1), which would result in less
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elficient downward export of algal C (20) and
an increase in pelagic Fe recveling (28). How-
cver, the gencration times for greers range
from days (microzooplankton ) to months (mac-
rozooplankton ), whereas FeAX blooms evolve
over 2 10 3 weeks (Table 1), Increased micro-
zooplankion and, in some cascs, mesozoo-
plankion abundances (Table 1 and table 52)
and subscquent aleration of food web dy-
namics were evident during FeAX blooms
(table S2). If FeAXs were ol longer duration,
would stocks of large zooplankion increase
with sustained Fe-clevated productivity? 11 50,
how would they influence the bloom signature?
Heavy grazing pressure, exerted by macro-
zooplankton, occurs in some upwelling re-
gions (29) where a continuous nutrient supply
(months) maintains a high-productivity sys-
tem. Recent FeNXNs, at sites with sustained

Table 1. The main findings from the 12 FeAXs (in chronological order
from left to right) conducted between 1993 and 2005 [for additional
details, see (8)]. See tables 51 to 53 for further details of initial
conditions, ecosystem structure, and biogeochemical responses. Light
climate, defined as the mean irradiance available to phytoplankton in the
mixed layer, was calculated according to J = Iy[1 — exp{—K, 2)/K,z, where
is mean mixed-layer irradiance (PAR), /5 is the subsurface PAR, K, is the
vertical light attenuation coefficient (m™), and z is the depth of the upper

nutrient supply (9), will reveal whether such an
adaptive grazer response occurs during long-
term blooms within HNLC waters, and henee
whether upscaling the results of FeAXs w
sustained naturally occuring blooms (months)
is valid, If such an adaptive grazer response is
observed, the potential long-term biogeochem-
ical feedbacks of grzer-mediated Fe reeyveling
and reduced export efliciency ofalgal C should
be explored via modeling simulations,

Modes of Iron Supply

Initial anempts o relate the Fe supply during
FeAXs with that in the modern or palee-ocean
(30 were hampered by relatively poor
understanding of Fe biogeochemistry. Since the
mid- 19905, our understanding has advanced
considerably through better estimates of the
solubility (37} and upper occan residence time

of acrosol Fe (32), improved regional coverage
of dissolved Fe (DFe) concentrations (33), and
greater imsight mto the Key role of FeBL in
maintaining Fe i the upper ocean (34).
Although measuring DFe remains challenging,
many technical issucs have now been addnessed
(351, Our improved understanding is reflected in
better models of dust depositional uxes (23),
occanic DFe distributions (36}, and the impact
of higher Fe supply to the paleo-occan (/4),
providing a more realistic picture of Fe supply o
HNLC waters both now and in the geological
past (Fig, 2),

A comparison of modes of Fe supply in
FeAXs, FeNXs, and natrally occuming pertur-
bations (Fig. 2) reveals a wide mnge in the
magnitude, chemistry, residence tme, and spa-
tial and temporal scales of Fe supply. Although
the pulsed Fe ennchments during FeAXs are

mixed layer. Dilution rate is the mean growth rate of the SFg-labeled
patch over the duration of each FeAX. Each property is expressed
volumetrically but can readily be converted to a column integral by using
the data on mixed-layer depth (MLD). Terms prefixed with a delta such as
ADIC denote maximum minus initial concentrations; nc, no significant
change (relative to the surrounding HNLC waters); blank cells indicate
that no data are currently available. The ratio of maximum to minimum
primary production is based on column integrals.

Property IronEX | IronEX Il SOIREE EisenEx SEEDS| SOFEX-S SOFEX-N  EIFEX  SERIES  SEEDS SAGE FeeP
1] (300 49 (56) (57) (54, 58) (58) 46) 17 niss 59 (59}
Fe added (kg) 450 450 1750 2350 350 1300 1700 2820 490 480 1100 1840
Temperature (°C) 23 25 2 o4 11 -1 5 4t0 5 13 91012 118 21
Season Fall Summer Summer Spring  Summer Summer Summer Summer Summer Summer  Fall Spring
Light climate 254 216 to 59 to 82 to 178t0 103 to 125 to 173 to 59 to
{umaol quanta {max) to 108 33 40 39 62 74 73 52
m2 s 230 (min)
Dilution rate 0.27 0.18 0.07 0.04 to 0.05 0.08 0.1 0.07 1o 0.4
(day™) 0.43 0.16
Chloraphyll, 0.2 0.2 0.2 0.5 0.9 0.2 0.3 0.6 0.4 0.8 0.6 0.04
t=0
{mg m™3)
Chlorophyll, 0.6 33 2.3 2.8 23.0 2.3 2.4 3.0 5.3 24 13 0.07
maximum
{mg m™3)
MLD (m) 35 40¢ 65" 80* 13 35 45 100 30* 30 10* 30*
Bloam phase Evolving  Decline Evolving Evolving Evolving Evolving Evolving  Partial  Decline Evolving Mo No
{duration, (5} (17} (13) (21} {10} (28) 27} decline, {25} {25}  bloom bloom
days) subducted subducted evolving (17} (7)
(37)
aDIC ] 26 17 14 58 21 13 36 nc =1
{mmol m™3)
abmMs 0.8 18 2.9 1.3, then 114 114 Increased 8.5, then ne nc 14
{umol m™) to Ot to 5.7t
Dominant Mixed Diatomn  Diatom  Diatom  Diatom  Diatom Mixed Diatorn  Diatom  Mixed Mixed Cponobacteria
phytoplankton Prochlorococcus
Export nc increase nc ne nc Increase  Increase§ Increase  Increase nc ng
Mesozooplankton  Increased  Increase ne nc ne ne nc Increase  Increase  Increase ng ne
stocks
Primary 4 ] 9 4 4 [ 10 P 10 F 1.7
praduction

{max/min ratio)

*Changes in MLD were okeerved during the study: the madmum MLD is shown (for initial MLD, see table S1).
Sincreased export was mainly associated with a subduction event.

study. {Bazed on anecdotal evidence.
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source (£4)% A major unknown in
the geological past is the fate of Fe
meorporated o phytoplank ton
blooms, Was dust-mediated Fe sup-
ply lost 1o the deep ocean as de-
clining blooms sink |as aggregates
(23], or was it efficiently reeyeled
by biota i the subsurace occan and
subsequently upwelled? Uncertainty
over the e of Fe is highlighted by
comparing two modeling studies.
They indicate that substantial atimo-
spheric OOz drawdown resulied
froam the rouwtes of high dust deposi-
tion with no Fe recyeling (41/) and
froam lower rates of dust deposition
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supply was sustained (months) by
, upwelling and recyeling. Compari-
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1500 2000

Coupled Iron-Carbon
Biogeochemistry

The degree to which the biogeo-
chemical Fe and C eyeles are linked
15 central 1o determining the impact
ol mereased Fe supply on atmo-
spheric COs drawdown and global

Fig. 2. A comparison for Southern Ocean waters of mechanisms responsible for perturbations in Fe supply.
Numbers in each panel: 1) Fe*, the relative magnitude of Fe supply relative to macronutrient supply (36); 2) the
mode of Fe supply; 3) the time scale over which surface waters receive increased Fe supply; and 4) the length
scales of Fe supply events. (A) Satellite image of a purposeful in situ Southern Ocean FeAX [SOIREE (49)]. (B)
An FeNX near Crozet within the HNLC Southern Ocean, where naturally occurring blooms are evident from
remote sensing (9). (C} An atmospheric dust deposition event (dust units are g m™ year™) in the modem
Southern Ocean [e.g., from Patagonia (25)]. (D) Fe supply to the Southern Ocean during the glacial maxima
from direct [i.e., higher dust deposition (1, 39)] and/or indirect [i.e., upwelling of waters with higher Fe
concentrations (40)] sources. The magnitude of this supply is unknown; hence, Fe* is expressed as < 0. Fe* is
defined as Fe* = [Fe] — {(Fe/P) algal uptake ratio x [PO,*"]} (36). If Fe* > 0, primary production is ultimately
macronutrient-limited; if Fe* < 0, production is ultimately Fe-limited. The width of red arrows denotes the
relative magnitude of changes in Fe supply; the hatched arrows in (D) denote uncertainties about whether Fe
supply in the geological past was episodic or sustained (see text). In (B) to (D), downward- and upward-pointing
arrows represent atmospheric and oceanic (upwelling) supply, respectively. Consideration of Fe chemistry for

each of these modes of supply is beyond the scope of this review, but see (22).

analogous 1o episodic dust events, the total Fe
supplied in FeAXs is much larger. and Fe
solubility 15 greater than from dust deposition
[(7) see also (21)]. Also, there s lmle evi-
dence of blooms (i.¢.. =1 mg chlorophyll m ™)
alter episodic dust deposition into both HNLC
{37 and low nurent-low chlorophyll (LNLC)
waters (3],

During the glacial maxima, increascs in Fe
supply are evident over a time scale of cenunies
(7). Acrosol Fe supply w the Southem Ocean

during the glacial maxima was higher than at
present by a factor of 10 (£, 39). The magniwde
of this supply is potentially comparable to that
during FeAXs and FeNXs (Fig. 2). However,
there are uncertainties about the mode of Fe
supply during glacial maxima. Supply was
cither episodic and localized from dust storms
[c.g.. Patagonia (39)] and/or sustained and
global, being driven by Southern Ocean upwell-
ing and occanic circulation (417) In conjunction
with global dust deposition as the main Fe

climate in the geological past. A key
parameter is the efficiency of phvio-
plankwon C fixation per unit DFe
[ie.. HPOC formationyd(Fe sup-
plied), where POC is particulate
organic carbon], as the resulting
SPOC export term will set the
atmospheric drawdown  efliciency
[Glair-sca COs exchange)/d(POC
exported)]. Also, because Fe supply
during the geological past was
clevated for conturies (Fig. 2D, n
15 important o determine the e of
C relative 1o Fe in the upper oocan
over longer time scales: Is Fe ne-
tained via remineralization in the
water column or exported o the sediments? [i.c..
S DIC remineralieed )8 Fe remineralized) and
& POC exported) @ PFe exported), where DIC 15
dissolved inorganic carbon|.

There are few published data on Fe'C mtios
for particle production, remincralization, or ex-
pont (Fig, 31 A mnge of three orders of nagni-
tude in Fe/C molar ratios is evident, which is
probably due to the use of different approaches as
well as actual differences n C and Fe biogeo-
chemistry, This varability in Fo/C ratios has been
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ascribed to a number of processes, such as
ditferential renmunceralization of Fe and C on sink-
mg particles [due to processes including scaveng-
mg on Fe (36, 42)]. which results in mereased
PFe/POC matios with depth (Fig. 3). Also, phyto-
plankion i high-Fe surface waters may take up
more Fe per unit of C fixed [ie, “luxury™ Fe

paleo-occan. Key questions center around the
issucs of macronuiricnt use, ccosyskem re-
sponses, modes of Fe supply, and coupling of
Fe-C biogeochemical cycles, for which we
propose three hypotheses.

First, with respect to macronutricnt uptake
and ecosystem dynamics, we hypothesize that in

relative importance of the processes that sct
particulate Fe/C ratios and their controlling fac-
tors will vary both regionally and scasonally.
These processes, which will dictate Fe and C
export, include algal Fe uptake and the differ-
ential rates of particle remineralization for Fe
and C in surface and subsurface waters. Each
of these, m turn, will be deter-
mined by a range of factors

Fig. 3. Summary of published Fe/C molar ratios (on a log scale) from (A) low-Fe HNLC waters and (B) high-Fe waters
and FeAXs (FeAXs denoted by hatched bars). Ratios were obtained from a range of sources: mixed-layer phytoplankton
(green), suspended biogenic particles (red), sinking biogenic particles {brown), and remineralization of particles
inferred from dissolved constituents (blue). Symbols in (A): A, Southern Ocean (50); B, subantarctic (42); C, subarctic
Padific (51, 52); D, northeast Pacific (1); E, the low-Fe North Atlantic (43); ML, surface mixed-layer samples; *, biogenic
Fe only; &, lithogenic and biogenic Fe. Symbals in (B F, a ratio from an Fe-replete algal culture (53); G, SERIES (17);
H, SOFEX-5 (54); |, the northeast Atlantic (51); ], the high-Fe North Atlantic (33). The ratios were derived from a wide
range of approaches including algal lab cultures (53), sediment traps (4.2), vertical nutrient profiles in HNLC waters (1},
and particle regeneration from apparent oxygen use versus DFe (33, 43). Assessing the bicavailability of Fe (22} is a
confounding factor in estimating Fe:C ratios, over and above the effect of patch dilution in FeAXs on the fate of the
added Fe. The Fe/C ratios derived from FeAXs in (B) are (Fe added):(C exported) and assume that the Fe term is the total

amount of Fe added, which may overestimate this ratio by 100% or more (21, 55).

uptake (13, 43)], resulting in greater Fe reminer-
alization than ¢ remincralization on sinking
particles relative 10 paricles in HINLC waters
(33). The available data on PFePOC ratios in-
dicate that setiling particles from natural blooms
(northeast Atlantic: Fe/C molar ratio 2.7 = 107
and FeAXs (Fe/C molar ratio 3.1 = 10710 2.1
107%) have higher ratios than those in HNLC
waters (Fig. 33 During FeAXs, much of the Fe
added is rapidly lost via precipitation and patch
dilution (21 hence, Fe/C mtios from FeAXs
will be overestimated by a factor of more than 2
{Fig. 3). Morcover, the time scales of FeAXs do
not penmit the fate of Fe (reeveled or exported)
imitially added 1o the mixed laver o be assessed
(<), and henee the ultimate efficiency of (Fe
added )y (C sequestered o depith) cannot be de-
termined. Thus, upscaling the Fe:C sioichiome-
try from FeANs to greaier spatial and temporal
scales is not currently recommended.

The Future: Key Questions and Approaches

Key lindings from FeAXs offer insights for
modelers, although a limited number of these
lindings can be extrapolated dircctly 1o regional
and scasonal scales for Fe ennchment, Such
limited extrapolation relates o limitations in
the FeAX design (7) and 10 uncertaintics in our
understanding of Fe biogeochemistry in the

2 FEBRUARY 2007

addition w magnitude, the stoichiometry of
macronutrient and Fe supply to HNLC surface
waiers is cqually critical in determining wheth-
er blooms are transient (weeks) or sustained
{months). This in wm will dictate the plank-
tonic community that develops and the subse-
quent biogeochemical balance between Fe
recyeling within, and expon from, the surface
mixed layer.

Second, although the mode of Fe supply is
important (Fig. 2), the factors that influence the
availability of the Fe supplied 1o the biota are
critical. We hypothesize that the magnitude of
the Fe available 1o the biota will be detenmined
by the mode of Fe supply and in paricular by the
subsequent mobilization and retemion of this Fe
by upper-ncean processes. For acolian Fe sup-
ply, these processes include acrosol Fe mixed-
laver residence time (32), photochemistry, FeBL
concentrations (23) and their joint impact on
acrosol dissolution, and the ability of bacteria 1o
access lithogenic PFe (42). The bicavailability
of Fe supplied from upwelling may be influ-
enced by processes such as photochemistry or
by the concentration and binding strength of the
upwelled Fe and FeBL relative w those in the
surface mixed laver.

Regarding the issue of Fe and C biogeo-
chemistry, we offer a third hypothesis: that the

VOL 315 SCIENCE

A B such as DFe concentration [al-
102 10% 1014 10 10% 10°2 100 104 105 10® gal Fe uptake (43)], food web
i ' structure and grazing activity
A H'. 1 F. = [remineralization rates (43)], and
B, ML G.ML | ] particle properties and mansfor-
85 ML | 5] G.50m | 5| mations including sinking rate
1 : or scavenging |export efficiency

B, 120m | = H, 100m 0 (36, 42)].
C, 150m B G.iﬁm. | Testing these hypotheses
1 1 will require both specific and
D.130m‘ — I.Iﬁﬂm‘ 0 multistranded approaches that
E, 50-800m (=] J. 500m = link FeAXs., FeNXs, and bio-
geochemical Fe and C studies n
a range ol locales. Three are

advocated:

1} Modeling studies to apply
our improved understanding of
Fe biogeochemistry in the mod-
e ocean 1o the geological past.
Model simulations should also
capitalize on the complementary
approaches offered by FeAXs
and FeNXs into how pulsed
versus sustained Fe supply al-
fects ecosyslem dynamics and
biogeochemistry.

2y Improved experimental
designs 10 overcome the limitations of FeAXs,
such as smaller and more frequent Fe doses,
greater patch length scale (>=10 km), and ad-
ditional measurements that provide insight into
the impaci of Fe enrichment on climaie {e.g..
biogenic gases) or Fe cyveling (e.g.. fate of Fe).
Detailed comparison of the biogeochemisiry of
differing FeNXs would help us undersiand bet-
ter the influence of a range of Fe:macronutricnt
stoichiometrics on bloom dynamics and O bio-
geochemisiry. Such experiments require applica-
tion of both cxisting [aircrafl, lascr imaging
detection and mnging (46)] and new [ghders,
sensor arys (4 7)] echnologics, and should be
linked o regional circulation models with ¢m-
bedded biogcochemisiry. The wiility of shipboard
Fe ennchments 1o study algal physiology in de-
tail should not be overlooked (/3).

3) Biogeochemical studies o jointly measure
key propenies in the Fe and C cyeles, such as
Fe/C ratios and FeBL concentrations associated
with panticle tansfomiations, will require spe-
cific investigation of end members— HNLC,
LNLC, and high-Fe waters in coastal and off-
shore waters. These, in conjunction with the im-
proved experimental designs described above,
will provide insights into temporal and spatial
controls on Fe/'lC ratios in both high- and low-Fe
regimes.
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Dimensions of Mind Perception

Heather M. Gray,* Kurt Gray, Daniel M. Wegner

hat Kinds of things have minds? An-
swers to this question often hinge on
perceptions, Turing (/) held that a
computer has a mind ifa perceiver can’t wll that
it is not human, and Dennen (2) has proposed

that every mind is defined as such in the ¢ve of

the beholder, But to date, it has genemlly been
assumed that mind perception occurs on one

dimension— things simply have more or less
mind-—and the dimensions of mind perception

have remained unexamined. Studies testing
whether chimpanzess perceive minds (7)) and
whether children or people with autism have this
abality (4} use a vanety of mdicators but have not
explored whether minds are perecived along one

or more dimensions. We studied the structure of

mind perception through 2399 completed surveys
on the Mind Survey Web site (),

Each survey called for 78 pairwise comparisons
o five-point scales of 13 chamcters for one of 18
miental capacitics (e.g.. capacity to leel pain) or for
one of six personal judgments (e.g., “which char-
acter do vou like more?”). The characters
included seven living human foms (T-week-old
fetus, S-month-old infant, S-vear-old gird, adult
worman, adull man, man in a persistent vegetative
state, and the respondent him- or hersell), three
nonhuman anmals (rog, bmily dog, and wild

chimpanzee), a dead woman, God, and a
sociable robot (Kismet), So, for example, one
such companson involved mting whether a gird
ol 5 is more or less likely 1o be able 1o feel pain
than is a chimpanzce. The survey samples were
largely independent; 2040 unique respondents
contributed dma Participants with many back-
grounds responded but averaged 30 vears ol age
and were modally female, white, unmarried,
Christian, Demoerat, and with some college
education ().

Mind perception dimensions were identificd
by computing character means for cach mental
capacily survey and submuitting the correlations
between capacitics across chameters 1o principal
components factor analysis (varimax rotation).
The rotated solution accounted for all 18 capac-
ities (extraction communalities ranged from (.82
to 0,99, explained 97% of rating variance, and
vielded two factors with cigenvalues over |0,
A Factor we termed Experience (eigenvalue
15.85) accounted for 88% of the variance and
included 11 capacities (from highest loading):
hunget, fear, pain, pleasure, rage, desire, per-
sonality, consciousness, pride, embarrassmoent,
and jov. A second lactor, Agency (cigenvalue =
1.46), accounted for &% of the variance and
mnecluded seven capacities: sell-control, moral-
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Fig. 1. Adjusted character factor scores on the dimensions of mind perception. PVS, persistent

vegetative state,

iy, memory, emotion recognition, planning,
communication, and thought. Characters™ fac-
tor scores on these dimensions (Fig. 1) reveal
interesting  features; for example, God was
perccived as having much Agency but little
Expericnee,

Personal judgments of the chamcters were
related 1o the mind perception dimensions. Some
judgments were related 1o both Experience and
Agency and suggest that, with the progression
lrom no mind (botom lefi) to adult human mind
{top right), charcters become more highly valued.
Thus, both dimensions comrelated with liking for a
chamcter, wanting 1o save 1 from destruction,
wanting to make it happy, and perceiving it as
having a soul (r mnging from 038 10 0.72), Such
integrated use of the dimensions in valuing minds
can account lor the aditional conceplualization off
mind as perceptible along a single dimension.

However, the emaming judgments showed
dilfenng comelations with the two  dimensions.
Deserving punishment for wrongdoing (11" both
characters had caused a person's death. which one
do you think would be more deserving of pun-
ishment™) correlated more with Agency (= 0.82)
than Experience (¢ = 022, z = 236, P < (0.05),
whereas desire to avoid haming (1 vou were
forced to hanm one ol these characters, which
one would it be more painful for vou o harm?™)
comrelated more with Experience (= 0.85) than
Agency (r= 026, == 2,10, P < 0,05}, The di-
mensions thus relate o Anstotle’s elassical dis-
tinction between moral agents {whose actions can
be mormally nght or wrong) and momal patients
{who can have moral nght or wrong done 1o
them). Agency is linked 1o momal agency and
henee 1o responsibility, whereas Experience is
linked 10 moral patiency and henee 1o rights and
privileges. Thus, our findings reveal not one di-
mension of mind percepiion, but two, and show
that these dimensions capture different aspects of
morality.
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Composite Materials with Viscoelastic
Stiffness Greater Than Diamond

T. Jaglinski,* D. Kochmann,? D. Stone, R. 5. Lakes**

We show that composite materials can exhibit a viscoelastic modulus (Young's modulus) that is far
greater than that of either constituent. The modulus, but not the strength, of the composite was
observed to be substantially greater than that of diamond. These composites contain barium-
titanate inclusions, which undergo a volume-change phase transformation if they are not
constrained. In the composite, the inclusions are partially constrained by the surrounding metal
matrix. The constraint stabilizes the negative bulk modulus (inverse compressibility) of the
inclusions. This negative modulus arises from stored elastic energy in the inclusions, in contrast
to periodic composite metamaterials that exhibit negative refraction by inertial resonant effects.
Conventional composites with positive-stiffness constituents have aggregate properties bounded
by a weighted average of constituent properties; their modulus cannot exceed that of the

stiffest constituent.

n most elastic systems, a deformed object

experiences a force with a component in the

same direction as the deformation, so that the
stillness is positive. Negative structural stiffhess
(i.c., lorce/displacement ratio) can occur in pre-
strained objects such as tubes buckled 1o form
kinks, which contain stored energy at equilibri-
um (). Experimentally, negative structural stifl-
ness has been observed in lumped  buckled
systems composed of rubber wbes (2) and mod-
cls of single foam cells (3).

The clastic modulus, a stress/strain ratio, 15 a
measure of material stffness. A negative mod-
ulus 1s anticipated in the context of Landau's (4)
theory of phase ransformation. As the temper-
ature Tis lowered from a value above the trans-

formation tempemiure, an energy [unction of

both simin € and temperature (Fig. 1) with a
single minimum gradually latiens, then devel-
ops two minima or potential wells, [Fthe strain is
a shear strain, the tmnsformation is martensitic;
for a hvdrostatic stmin, it s a volume-change
transformation. The curvature of this energy
function represents an clistic modulus, so that
the Mattening of the curve comesponds 1o a sofi-
ening of the modulus near a enitical temperature
T a phenomenon observed experimentally. Be-
low T, the reversed curvature at a small strain
represents a negative modulus, A negative mod-
ulus, in which the foree that deforms an object 1s
in the dircction opposite to the displacement, 1s
distinct from a negative Poisson's mtio, in which
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a material expands laterally when it is stretched
(371 A negative modulus may oceur in a pre-
deformed object: it is then a negative incre-
mental modulus. An object with all free surlaces
and a negative modulus is unstable, A negative
shear modulus causes bands or domains to
form, even ilthe surfaces are constrained. A solid
object with a negative bulk modulus (inverse
compressibility) can be stabilized by a con-
stramt of the surlaces (8), in contrast W Muids
(). Megative incremental compressibility  has
been observed in small-cell foams (/). Negative
compressibility differs from negative thermal ex-
pansion (74, which is the stable contraction olan
unconstramed object because ol a emperature
increase.

MNegative stiffness can give nse o exireme
values of physical propertics in heterogencous
sysiems. For example, boih negative stiffhess and
the resulting giant damping were observed (2) in
a lumped system containing discrele buckled
tubes. A composite with negative-stiflness in-
clusions s predicted to give nse 0 material
propentics greater than those of either constituent

(/2. 1.3). Such behavior exceeds classical bounds

(/4 i which composite properiics canni
excoead the propemies of the constituents. These
bounds are theorems assuming that cach constn-
vent initially contains no stored energy, Negative
stillicss entails initial stored energy; viscoclastic
dissipation, il present, enhances composile sta-
bility. In composites (4.5), anomalous high visco-
clastic damping was obscrved and attributed 1o a
negative shear modulus in ferroclastic inclusions
that were partially constrained by the matnx.
These inclusions were sufficiemly small tha
some of them were single domains, Similar come-
posites (/6] of higher concentration exhibied
instability, as predicted by a composite theory
mcorporating a negative shear modulus,
Composite materials were propared with -
clusions of barum titanate (BaTiO3) in a tin
matnx. BaTi0y was used because it s a lomo-
clastie, and also a ferroelectne, sohd that exhibits
a crystal volume change and a erystal shape
change dunng phase trunsformations, specifically
cubic-to-tetragonal transformations. at T, near
120°C and tetragonal-to-orthorhombic transfor-
mations near 5°C. The mtionale for considering
this class of phase transfonmation is that we can
hawve a negative bulk modulus K in a constrmined
inclusion and vet sl have stability. Constraint by
the matnix restrmains the ransformation over a
range ol tlemperatures, Inclusions were, by design.,
sulficient]y large 1o contain many domains below
T The bulk modulus of a material affects its
silfness in bending but not in torsion, because
bending entails a local volume change.
Polyerystalline BaTiOy was lragmented and
sicved 1o achieve a particle-size distnbution be-
tween 210 and 130 pm. Domains i such mate-
nals can be smaller than 1 pm. Some panicles
were plated with nickel 1o improve their interface
quality. Composites were fabricaied using plated
or unplated particles of the same pre-plated siaes.
Dispersion of panicle inclusions was achicved
through an ulirasonic casting technique (/7). Spe-
cimens ( f&) wene sectioned from ingots, by means
of a low-speed diomond saw, into rectangular

Fig. 1. Landau energy function
(18) of strain ¢ and normalized
temperature Ty = (ay/fi2NT = Tq) —
0.25, with unit cells of BaTiDy in
cubic and tetragonal phases. «, vy,
and [} are constants that depend
on the material.
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cross sections, typically 2 mm = 2 mam = 3.5 cm,
or they were cut into cylinders with diameters of
2.6 mm and lengths of 3 em, by means of a wire
clectrie-discharge milling machine, Digital optical
micrographs of polished composite specimens
were taken, Specimens were tested in bending
by means of broadband viscoclastic spectroscopy
(19), This instrument, which is capable of iso-
thermal intemal friction studies over 11 orders of
magnitude in frequency, was modificd 10 allow
operation up 1o 300°C and 10 detect spontancous
strain exceeding 1074, The viscoelastic response
was measured at 100 He in bending, which is well
below any natural frequency. Torque was applied
elecromagnetically, and deformation was mea-
sured by a laser method. Temperature was mon-
tored with a thermocouple in the air flow within
| mm of the specimen, so as (o avoid interference
with viscoelastic measurement. Heating and
cooling rates were (L05 10 0.5°C7s, The procedure
15 typical of viscoclastic studies of matenals,
including those that undergo trans formation.

Of the 13 specimens with plated inclusions,
all exhibited an anomalous viscoclastic response
in bending. An anomalous response is defined as
a change in modulus or damping that is larger
than could be accounted for by composite theory
(20, assuming a positive inclusion modulus of
any value between zemo and infinity, Three spee-
imens exhibited large anomalics and three
exhibited a Young's modulus (( £*), absolute val-
ue of the complex viscoelastic modulus) greater
than that of diamond. Because all materials
exhibit some damping, any measurcd modulus
15 a viscoclastic modulus. OF the 15 specimens
with unplated inclusions, 11 exhibited an anom-
alous response, and 1 exhibited a Young's mod-
ulus greater than that of diamond. 1t is theorized
that the degree of the anomalous response de-
pends on the quality of the inclusion/matrix
intertaice. No anomalous behavior was observed
in torsion. The microstructure of a specimen
from the laiter series, with inclusions measuring
1% by volume, is shown in Fig. 2. Modulus
and damping (tan &, with & representing the

Fig. 2. Cross section of composite specimen in
polarized light. BaTiOy inclusions appear as black
spots. The polycrystalline structure of the tin
matrix is shown in grayscale. Scale bar, 500 um.

www.sciencemag.org SCIENCE VOL 315

phase between stress and strain ) o this specimen
are shown in Fig. 3. Given the modest damping,
the magnitude of the modulus £*) exceeds the
real part £ by only about 2%. Young's modulus
excecds that of diamond over a narrow range of
tempernturcs, Transient negative viscoclastic
damping (tan 8) indicates the release of stored
energy from the inclusions. Although they arc
st these materials are not expected o be un-
usually strong or hard. Negative specilic heat was
observed in those specimens that exhibited the
largest mechanical effects (f8). This behavior is
consistent with the negative bulk moduli of the
inclusions because the theoretical specilic heat
depends on the constituent bulk moduli (27).
The behavior ol all composites changed with
thermal eveling, as was also observed in com-
posites (J6) with VO, imclusions; peaks wended
to shift 1o higher tempertures and to attenuate
with eyeling. Composites with plated inclusions
maintained their behavior over a greater number

REPORTS

of cycles than did matenals in which the in-
clusions were not plated. The inclusion/matrix
interface 15 therefore clearly important in deter-
mining the behavior of the composites. Extreme
clastic anomalics were observed for as many as
five eveles i a panicular specimen. Composite
analysis (/3) shows that macmoscopic strin can
be magnified locally by several orders of mag-
nitide in the vicinity of the inclusions during the
phase trnsformation, The macroscopic strain
amplitude (less than 4 = 107 in these experi-
ments) can therefore give rise 1o a local sirain
that is sullficient to couse vield in the tin matrix.
This amplified local strain can account for the
evele dependence that could be ameliorated by
using a stronger matriy,

Broad peaks in damping (an §) were also
observed, as shown m Fig. 40 Even modest ef-
fects in these composites are notable because for
a dilute particulate momphology, composite prop-
erties are known (/4. 20) 1o be relatively insen-

Fig. 3. Young's mod- 10000 I 0.3
ulus |E*] and viscoelastic [ Young's modulus [E*|

damping tan & of the 0.25
composite in Fig. 2,

showing extremely high _ o2
modulus over a range of & ’
temperatures. & i the £

phase angle between & 0.158
stress and strain. Young's E i
maduli of the canstitu- 101 §
ents are BaTliD;, 100 § =
GPa; and tin, 50 GPa. E 0.08
Error bars (4%, smaller {"g '
than data points) in the ]

low-modulus regime are > o
dominated by irregularity

in the specimen diameter -0.05
and in the high-modulus

regime are dominated by m..m

digital resolution of the
lock<in amplifier. Errors
in tan &, ~0.001, are smaller than the data points.

Fig. 4. Broad peaks in
Young's modulus and vis-
coelastic damping (tan &)
of a composite similar
to that in Fig. 2. £y s
the normalizing mod-
ulus, which has a value
of 30 GPa.

=
1

=
=k
T

MNormalized Young's modulus (IE*I/Eg)

I L i 1 I I 0.01
40 60 BD 100 120 140 160
Temparatura (°C)

2 FEBRUARY 2007

621




REPORTS

622

sitive 1o inclusion propertics when they have a
prositive modulus. For example, with a 10% con-
centration of particles, the composite modulus
E* due o nfiniely sulf inclusions is predicted
to increase by 22% as companed with that of the
pure mairix. The composite damping due 1w
inclusions with a peak damping tan & = 0.06,
comesponding 1o bulk BaTiOy, is predicted o be
only 6% greater than that of the matrix, The damp-
ing peaks shown in Fig. 4 (8% inclusion concen-
trtion) comespond 10 a factor of 2 increase as
compared with pure tin (also shown), s0, as with
the above giant anonmlics i the modulus, negative
compressibility of the inclusions is inferred,

The present exreme-stiflness results are basod
o negative compressibility (imverse bulk modulus
K, resistance 10 volume change) of mclusions, in
contrast 1o e negative shear modulus & (nesstanee
o shape change) in carlier Sn-VO, composites (1.5)
that exhibited large damping bat modest (3%)
ancimalics i the modulus, These three-dimensional
aspects of deformation govem the stability and
properties of materials. Positive values of & and K
give fise to a positive-delinite strain cncrgy and
hence 1o the stability of an object with froe surfaces
and no constraint, This comesponds 1o the usual
allowable range of Poisson's mtio v, -1 < v < (15,
allowing a negative Poisson's ratio in isotropic
solids (5). For the less restrictive condition of strong

ellipticity, which entails real positive velocitics of

shear and longitudinal waves, G = 0and 4673 <
K <=, A strongly elliptic solid constrained at the
surface is incrementally stable (22) and has a

unique elasticity solution (23), so0 a range of nega-
tive bulk modulus is allowed. A material with neg-
atve shear modulus G 15 unstable with respect o
domain formation, Surface enenzy limits how small
a domain can be, so a sulliciently small erystal can
be a single domain and can operale as a negative-
stillness inclusion, as was the case in Sn-V'0, com-
posites. There & no such melusion siee limitation
associated with a negative bulk modulus. An in-
clusion in a compaosite is under pantial constmint,

Diamond has long been considered 1o have
maximal propertics such as stiffness and hard-
ness. The achievement of substantially greater
stiflness illustmates the imponance of composites
with negative-stiflness inclusions. These com-
posites have potential in high-performance ma-
terials in which high stflness or high dissipation
arc of use. They may occur naturally in rocks
and play a role in deep-focus carthquakes.
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Coupling Coherence Distinguishes
Structure Sensitivity in Protein

Electron Transfer

Tatiana R. Prytkova, Igor V. Kurnikov,* David N. Beratant

Quantum mechanical analysis of electron tunneling in nine thermally fluctuating cytochrome bsg
derivatives reveals two distinct protein-mediated coupling limits. A structure-insensitive regime arises
for redox partners coupled through dynamically averaged multiple-coupling pathways (in seven of the
nine derivatives) where heme-edge coupling leads to the multiple-pathway regime. A structure-
dependent limit governs redox partners coupled through a dominant pathway (in two of the nine
derivatives) where axial-ligand coupling generates the single-pathway limit and slower rates. This two-
regime paradigm provides a unified description of electron transfer rates in 26 ruthenium-modified
heme and blue-copper proteins, as well as in numerous photosynthetic proteins.

ary biological pathways depend on the
facilivtion of electron wansfer (ET) pro-

wesses by proteins (14 At the simplest
level, this acceleration in rte can be explained by
empirical models that omit the details of protein
structure and describe the et than prodeins bwer the
barmier 10 clecron twmneling by abow 3 ¢V orclative
to that of vacuum mnneling (/, /). However, ET
rates can be slower or fster in dillerent proteins,
despite the dectron’s traveling a simibar distance
betwern donors and acceptors (Rpa) (7-3). These
rate differences can anse bocause wnneling is faster
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through covalent bonds than through weak or

nombonded contacts (S0, and the composition of

the coupling medium between donor and acceptor
varies with the primary, secondary, and tentiary
stucture of the protein (£, 2, 1)

The simplest model that accounts for such
structural effects on ET rates is the pathway model
(fihy, which identifics the most facile coupling
routes between the donor and acceplor. Packing-
density models analyze atom density between the
donor and acceptor, The predictions of the pathway
and packing-density models are nearly the same

VOL 315 SCIENCE

(4, 13). Nonetheless, there are many examples
where an even simpler exponential model (14)

keT exp - Plpa (1)
Lwhere kpristhe ET rate and [} is an exponential
decay constant, can account for the observed ET
rates without including three-dimensional details
ol protein structure.

The limits of validity for these simple wnnel-
ing models have boen poordy undersiood, and
understanding has been further hampered by the
lack of sufficiently detailed data scis on ET rates
for the same protemn that would allow for
meaningful compansons; in comparing ET rmies
between differem proteins, it is difficult w separie
the clecton-tunneling factors from the nuclear
factors, or Marcus factors (/6), that arise in the
ET theory (1, 2). We have now analyaeed a recent
sel of wnneling-hmited ET rates obtained by
Winkler and Gray for a Ru-maodificd heme pro-
tein [cviochrome (cvt) bsga]. The exponential
distance-decay model accounts for some but not
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all of the observed mte dependences (17, 18). We
provide an explanation for the different mite
brehaviors i this protein, which can also account
for ET kinene data in other Ru-modified heme
proteins (including ¢yt ¢ and myoglobin).

Here, we argue that some protein structures
gencrate exponential decay of coupling with
distance (as il the proteins were structurcless
tunncling barricrs) by dvnamically averaging
multiple-coupling pathways, Other protein struc-
tures, in contrast, retain pathway-specilic cou-
pling characteristics that may be very different
from the “average™ protein coupling for that
Rpa value, We explain why the protein-mediated
coupling falls cither in the pathway or average-
barrier regime, and we also find that a simple
metric—the coupling coherence parameter
(19} provides a reliable indicator of the coupling
mechanism. We restrict our discussion o unimo-
lecular ET between sites within a protein, although
mterprotein ET appears 10 be even more sensitive
o structure than ummolecular ET (1, 12)

We briefly review the two structured-protein
models (/. 1) The pathway model predicts

ter == { e ™
i /

where I1 represents a product, £ ~0.6 and

peeee 1 A1 are decay parameters associated
with the dommant-coupling route from donor 1w
acceptor through a combmation of bonded and
nonbonded comtacts, 1 is the length of cach
through-space contact, and 15 1.4 A, The
pathway-based rate is well approximated by
means of an atomic packing-density model (4. /5)

Ker == exp| - [PPSRy, |

< exp[-PRM(1 - ) Rpa (3)
Fig. 2. Electronic couplings wversus
time. (A} His”? (C = 05), dominant- A 80
coupling pathway regime; (B) His? (=, 59
0.6), dominant-coupling pathway re- 'E 4.0
gime; (C) His"® (C = 4 x 107%), multiple- = 3.0
pathway mechanism. Note the frequent 'i' 20
sign flips in (Q), which are consistent .2 19

with a multiple-pathway mechanism. In
(A) and (B), (Hpa)? differs by only about
a factor of two from (HE,). Geometry
snapshots were captured each 1 ps and
input to the extended-Hiickel coupling
caleulations.

0.0
-1.0
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where the i pammeters describe tunneling decay
through bond or space, and 1 — /¢ is the
fraction of space between the donor and acceptor
that s filled with atoms (4). The pathway and
packing-density rates (Egs. 2 and 3) include
explicit information about the protein fold that is
not included in the simple exponential model
{squarc-bamrier winneling model), which uses a
single fitted B value, Fully quantum treatments
sum together contributions to the winneling rate
that arise rom the multiplicity of donor-acceptor
(D-A) pathways that couple donor to acceptor
(1. 2% In conformationally lexible systems, the
mean square (ensemble-averaged) D-A coupling
(Hga) detenmines the rate (20-22

< (Hpa) (4)

ket

---_v-v-‘m.‘H

20 40 60 80 100
Time (ps)

REPO

Here, we examine the wunneling-limited ET
kinetics lor Ru-modificd oyt bega (Fig. 1A) (/8K
cach denvative explores the tunneling-mediation
charmcteristics of a distinet protemn region. All b
two of these mates it a simple square-banier tun-
ncling model (Fig. |B). Two res fall two orders
of magnitude below the squane-barmer (exponential
distance-decay) model for tunncling in this protin,
The ET kinetics in eyt bega mirmors previous ob-
servations in Ru-modified eyt ¢ Jone of cight
tunneling-limited rates is two orders of magnitude
below an exponential it (/7)) and in myoglobin

[one of three wnneling-limited mies is onders of

muagnitude slower than expected based on distance
analysis (/7)]. Cyt ¢ data appear in fig. S1,

We first used a previously developed ab initio
Hartree-Fock method to compute ET rtes in these

10.0 F

40 r

log(ksy /s')

20

ﬁ.ﬂ L i L
10 15 20 25 30

Distance (A)

Fig. 1. (A} Ribbon diagram indicating the posi-
tions of the nine Ru-modified His sites on oyt
bsgo. (BY Experimentally measured tunneling-
limited ET rates for each of these nine oyt begs
derivatives (18). The His™ and His”? derivatives
have anomalously slow rates that fall well below
an average exponential (square-barrier tun-
neling) model, which are fit here with a decay
constant of 1.3 A7

VOL 315 2 FEBRUARY 2007

RTS

623




REPORTS

624

vl bega svstems (23, 24). The comrelation between
computed and obscrved ET mites appears in fig,
S2. Except lor the longest-distance denvative
'[“]Iﬁm], the measured and computed rates agree
within a factor of four. This order of magnitude
agreement, including a satisfactory desenption of
the anomalously slow ET kinetics in the His'* and
His™ derivatives, indicates that theory describes
the cssential aspects of ET Kinctics in these
complex svstems. The computations include
protein conformational averaging, solvation, and
averaging of couplings over muliiple ligand-field
states with the use of nethods deseribed previ-
ously (23). The caleulations explicitly include
multiple-pathway  interferences, without making
empirical assumptions that are associaled with
dommam pathways or packing density.

We now cxamine the physical origin of the two
slow ET mtes, as well as the simple (exponential)
distance dependence Tor the other seven deriva-
tives. To perform thes analvsis, we computed D-A
interactions for protein structure shapshots taken
from classical molecular dynamics (MD) trajecto-
rics. Because the number of caleulations needod
for this analysis is large, we used an extended-
Hiickel Hamiltonian. Extended-Hickel analysis
of D-A interactions in proteins has been used
successfully in previous studies of Stuchebrukhoy
and Marcus (25), Kakitam (26), Onuchic (6), and
others, Our analysis assumes metal-localized
states to describe the Fe®™ — Ru®* ET (/7).

His73

Fig. 3. Pruned protein media [5% cutoff criterion
(23)] for His"® (average-medium or multiple-pathway
regime, small C parameter) and His™ (single-
pathway regime, large C parameter). Both proteins
have ET distances of ~20 A metal-to-metal. The
strongest single pathways are noted with solid and
dashed lines. Spheres are shown on atoms included
in the quantum tunneling analysis (23).
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The string of computed coupling interactions
allows us to calculate the Balabin-Onuchic
coherence parameter, € = (Hpa)?/(H3,) (9.
for the nuthenated proteins. We expect C o be very
small when numerous interfering coupling path-
witys contribute 10 the D-A interaction, In this
limit, only average chamctenstics of the protein
fold deermine the ET rte. In contrast, when € is
near unity, a dominant-coupling pathway mediates
tunncling, and the observed rmite s chamcteristic
only of that pathway's structure. Indeed, the His'
and His™ derivatives of eyt bsg have € parameters
of 0,6 and (0.5, respectively, wheras all other de-
rivatives have C values of 0.1 or less (table S2).

Coupling values along 10-ps MD wnjectories
for His", His™, and His™ appear in Fig. 2. The
coupling values along the MD tmjectory for the
His™ (C = 0.5) and His'® (€ = 0.6) derivatives
rarcly change sign (Fig. 2. A and B), which is
charactenistic ol the dominant pathway  regime,
The His™ derivative [ =4 = 107] has a coupling
value that Muetuates about zero and a memn

coupling value squared ({Hp, )% ) that is orders of

magnitude smaller than the mean squared coupling
value {{HE,A}L This small C regime is characteristic

of muliple interfening coupling pathways of

comparable strength, so the (H3,) value is
averaged over many pathways and is characteristic
of the overll protein old rather than of a single
dominant-coupling pathway. In contrast, coupling
in the large C regime is determined by the structure
of the dominant-coupling pathway,

Whan aspects of structure in a single protein can
generate this substantial difference in mechanism?
Simple wnneling-pathway analysis of the cvi b
His'? and His™ derivatives provides the answer.
The wo lape Coparameter (dominant pathway )
structunes have coupling pathways linked 1o the
heme through an axial ligand, but seven other
derivatives each have surface Ru complexes that
are coupled electronically by muliiple patlways 1o
the beme edge. The wnneling-pathway analysis
(fig. 83) reveals this aspect of protein connectivity.

Because of the large size of the heme-cdge
“target,” coupling into the heme edge in cvi bega
genemies multiple interfenng  pathways with
mean squared values that reflect avemge cou-
pling charmcteristics of the many pathways, The
axial-ligand pathway derivatives, incontrast, have
a smaller pumber of sizable coupling patlways
leading to the heme (Fig. 3), because coupling
routes must proceed through one single metal-
ligand pathway boitleneck. In oyt baga, this
connectivity gives rise o single-pathway (large
¢ value) mechanisms. Moveover, the axial
ligand’s van der Waals volume apparently serves
to minimize the presence of muliple coupling
routes 1o the prophyrin ring face. This contrasts
with the large circumierence heme-edge acoess
provided by noncovalent interactions. In the case
of vt begs (and for other Ru proteins, as desenibod
below ), pure axial pathways have lange C values
(i.¢.. donmunant pathways), arc poorly “wined” 1o the
heme, and produce slow wmneling-limited rates.
It appears that dynamical averaging over many
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coupling pathways operites in oyt bsg lor all
heme-edge coupled denvatives, producing sim-
ple (exponential) decay wath distance as descnbed
by Eq. 1.

Is the observation of weak single-pathway
(large ) axial coupling and strong multiple-
pathway heme-edge coupling (small C') in eyt
baga relevant 1o other Ru-modified heme proteins
and to native proweins? The one anomalously
slow ET derivative in the Ru-cyt ¢ family is the
His™ derivative (fig. S1)(£7), and the dominant-
coupling pathway to the heme is routed via an
wial ligand. The anomalously slow His™ de-
Avative of the Ru-myoglobin family is also dom-
mated by an axial-ligand pathway, All “average”
rates n eyt e and myoglobin (e, those mies that i
well by a simgle exponential decay law) access
multiple-coupling  pathways, including heme-
edge coupled pathways. As such, our distinction
between multiple-pathway heme-edge- coupling
routes and axial-lhigand - dominated single-
coupling routes rationalizes all of the anoma-
lously slow ET rate data among 20 ground-state
Ru-modified heme proteins (3, 17).

Our heme-protein analysis ndicates that expo-
nential distance dependence for protein ET rates
occurs in the small O multiple-pathway regime.
Because small O values have been computed in
nonheme proteins as well, we can funther explore
the correlation between small C values and expo-
nential distance decay. Previous theoratical analyvsis
of the blue-copper protein aweunn indicates that all
six Ru denvatives have very small C values (27),
which 15 consistent with the measured single
cxponential decay of rates with distance in this
protein for all derivatives (/7). In weunin, the three
strong coupling routes 1o the copper or the pathway
cross-linking by hvdrogen bonds provide likely
physical sources of average-medium behavior.
Although coherence parameter analysis remains
to be performed for the Ru-modified high-potential
iron protein (28), we expect that the anomalously
slow Ru-His™ derivative will also have a large ©
associated with a weak dominani-coupling
pathway. Rates in all 26 ruthenated myoglobin,
vt C. oyl bega, and azurin denvatives are explained
within the dichotomy of an average-medium
wmneling (small ) model or a single-pathway
wnneling (large C) model, In Ru-modificd heme
proteins, hemecdge coupling produces average-
medium behavior, whereas axial-ligand  coupling
generates pathway-speci fic D-A interactions,

Tunncling-limited ET rates in the photo-
synthetic reaction center (PRC) follow an ex-
ponential distance-decay law (4). Preliminary
analysis of coherence parameters in the PRC
charge transfer reactions indicates values of 1077
or less, which are consistent with multiple edge-
coupled pathways and average-medium behay-
ior. We find similar behavior in the DNA repair
protein photolyase, where ET couples two de-
localized pi-clectron states (29).

The accessibility of two coupling mechanisms
seems essential for the analysis of evolutionary
pressure on ET proteins. Earlier arguments

wWwWw.sCiencemag.org



regarding pathway evolution had been made along
two lines, Simple (exponential) distance depen-
dencies observed in the photosynthetic proteins
led Moser, Dutton, and co-workers 1o suggest that
evolution manipultes ET rtes using Rpa and
Marcus (nuclcar) parameters (4). Gray, Winkler,
and co-workers, n contrast, argued that strong
pathways have evolved to accelerte ET in some
proteins (5), Indeed, the stucture of commmon
biological redox colactors seems 1o pormit ET
proteins o acoess both mediation regimes,

We suggest that, in the multiple-pathway
regime, the evolutionary linkage between the spe-
cilic protein fold and the ET mite is likely 10 be
weak: In this regime, Rps detomines twunncling
propensity. In the single-pathway large O regime,
however, ET kinetics and protein structure are
strongzly hnked. Although the Ru proleins only
display slow rates in the dominant pathway regime,
cither stromg or weak coupling pathways could
arise in the dominant pathway regime, gencrating
order of magnitude effects on the ET kinetics from
protein structure, This structure-function per-
spective extends the pathway-cvolution con-
jecture of Ramirez ef af. (5), by accounting for
the influence of thermal motion on the protein-
mediated coupling. and also suggests that the
Moser-Dutton (average-medium) view is valid in
the multiple-pathway regime common 1o many
large edge-coupled redox colactors. Tunncling
routes invelving axial ligands scem o be the
most likely candidates for Kinetics that is sensitive
to coupling pathway structure [e.g., the heme a to
heme a; pathways in oyt ¢ oxidase (3, 6)]. How
olten and where nature has used pathway -specific

or multiple-pathway regimes remain 10 be deter-
mined by future analvsis and expenments, Also,
i the small C regime, proteins will have ET ki-
netics that are robust to modifications of single-
pathway links (e.g.. by manipulating hydrogen
bonding), whereas pathway structural changes in
the large O regime may have a larger mfluence on
ET Kinctics (30-32)
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Thymine Dimerization in DNA
Is an Ultrafast Photoreaction

Wolfgang ). Schreier,® Tobias E. Schrader,® Florian 0. Koller,® Peter Gilch,?
Carlos E. |12r||a~_¢,|:'-ﬂn-Hn!:rna'rn:lﬁ-z,z Vijay N. Swaminathan,? Thomas Carell,?

Wolfgang Zinth, Bern Kohler™

Femtosecond time-resolved infrared spectroscopy was used to study the formation of cyclobutane
dimers in the all-thymine oligodeoxynucleotide (dTlyg by ultraviolet light at 272 nanometers,
The appearance of marker bands in the time-resolved spectra indicates that the dimers are fully
formed ~1 picosecond after ultraviolet excitation. The ultrafast appearance of this mutagenic
photolesion points to an excited-state reaction that is approximately barrierless for bases that are
properly oriented at the instant of light absorption. The low quantum yield of this photoreaction is
proposed to result from infrequent conformational states in the unexcited polymer, revealing a
strong link between conformation before light absorption and photodamage.

he most abundant lesion in ultraviolel

I (UW)-iradiaed DNA s the eyvelobutane
pyrimidine dimer (CPD) that is fonmed
between adjacent thyvmine bases (Fig, 1) (/). This
mutagenic photoproduct disrupts the normal
cellular processing of DNA and leads 1w a
complex web of biological responses, including
apoplosis, iImmune suppression, and carcinogen-
esls (24 Organisms possess elaborte repair
pathways to counter this constant threat 1o ge-

nomic inegnty, Aside from their biological
importance, CPDs are of interest as structural
reponers, Thymine-dimer vields are not the same
at all TT doublets ina given DNA sequence, but
these yields depend, in poorly understood ways,
on the identity of the Manking bases and on
local contormation (). By exposing DNA 10
UV light and then measuring the relative pho-
toproduct yiclds with single-nucleatide resolu-
tion, it has been possible in favorable cases 10

obtain structural information (5-7) In order
for this methodology 1o achieve its full poten-
tial, molecular-level understanding of the di-
merization mechanism is essential. We repont a
dyvnamic study of thyvmine dimerization that pro-
vides insight into the coupling between DNA
structure and DNA photodamage.

CPD formation is a [242] photoeycloaddi-
tion reaction in which the carbon-carbon double
bonds of proximal pyrimidine bases react 1o
form a eyvelobutane ring. In the analogous reac-
tion between two ethylene molecules, electronic
excitation and the proper orentation of the

sacting double bonds are needed for the reac-
tion 1o occur (8). Unlike the case of lree ethyl-
ene molecules, pyimidine bases in DNA are
tethered 10 the sugar-phosphate backbone, and
this tethering restricts the achievable onenta-
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tions, Some conformations are simply impossi-
ble because of backbone constmints, Thus, a
single CPD isomer (the cis-syn isomer shown
Fig. 1) 15 formed in UV-imadiated oligo- and poly-
nucleotides, whereas two  thymine  molecules
ditTusing freely in agucous solution yield all six
stereoisomers (), Because DNA s moderately
lexible, a vast number of confbrmations exist.
Some of these have the bases positioned favor-
ably for a reaction, whercas others do not. DNA
is highly dvnamic, and motions such as the stack-
ing and unstacking ol bases, base-pair breath-
ing and opening, orsional oscillaions, and helix
bending will incessantly bring a given bipyrimi-
dine doublet into and out of favorable geome-
trics for dimerizmion, The mmpact of these
maotions on the reaction kinetics depends on
how their rates compare to the rate of reaction
by favorably orented bases (9. Direet Kinetic
measurements of dimerization can thus elucidate
the potentially complex  interactions  between
conformational dynamics and photodamage.

In an excited-state reaction, motion along the
reaction coordinate occurs in competition with
energy-wasting steps such as fuorescence and
internal conversion o the electronic  ground
state. In the past few vears, it has become pos-
sible o directly observe the dvnamics of excited
clectronic states in DNA mode]l compounds by
femtosccond spectroscopy (0, 11 It has been
proposed that the very high rate ol nonradiative
decay by the singlet 7r* ("rr*) states of sin-
gle nucleobases can greaily restrict photodam-
age (0. However, recent work has revealed the
presence of additonal, rather long-lived singlet
states m DNA (7)) and single bases (12). In oligo-
deoxvnucleotides, lifetimes of <1 ps to =100 ps
have been observed, depending on base stacking
and base sequence (M), Additionally, at least
10%% of all singlet excitations in single pyrimi-

Fig. 1. Schematic of the
photodynamics of the DNA
oligomer (dT)yg. The DNA's
sugar-phosphate backbone
is shown as a gray ribbon
in the partial structures,
UV excitation populates a
singlet nn* state. This state
decays overwhelmingly via
internal conversion (IC) to
the S5 ground state. To a
smaller extent, the pop-
ulation of the =r* state
branches to a singlet nn*
state. Intersystem crossing
to a triplet state has been
detected in thymine but
not in polymeric DNA. F-
nally, the mn* state can
decay to a dimer photo-
product (middle residues
with new bonds shown in
red) if a reactive conforma-
tion is present at the time
of excitation.

2 FEBRUARY 2007

dine bases such o thymidine 5-monophosphate
(TMP) decay to singlet ne® ('nr*) excited states
with lifetimes in exoess of 10 ps (J1). Kinetic
measurements can determine which of these di-
verse excited states is the dimer precursor.

Past efforts 10 observe dimenzation Kinctics
have been unsuceessful. It has been shown by
flash photolysis that photodimers are formed in
the all-thymine oligodeoxynucleotide (dT)y in
<200 ns, the time resolution of the laser svstem
that was used (13). Femtosecond transient ¢elec-
tronic spectroscopy (/1) has not provided direct
evidence for dimer formation because CPDs do
not absorb at wavelengths longer than 270 nm.
Because of ns chemical bond specificiny, vi-
brational spectroscopy can ofien unambiguously
idemify  transient species and  stable  photo-
products (/4). We therefore recorded time-
resolved infrared spectra of a DNA model
compound that was excited by a femtosccond
UV pump pulse (£5). The system studied was
single-simnded  (dT )y, which was chosen m
order 10 maximize the number of dimers that
were formed with each laser pulse. In this DNA
model system, every absorbed photon excites a
residue that is capable of dimerization. Quan-
tum vields in the closely related systems poly(dT)
(0033) (46) and (dT e (0LO28) (/3) are among
the highest reported for any DNA compound, In
contrast, the dimerization quantum vield is over
30 times lower in double-sianded penomic DNA
(/7). This large reduction is due 1o the low fre-
quency of TT doublets and the absomtion by
nonthymine bases in mixed-sequence DNAL
After presenting our resulls for (dThg, we will
discuss the implications for double-stranded nu-
cleic acids.

Stcady-staie infrared (IR) absorpiion spectra
of (dThg in DA were recorded belore and
alier UV imadiation at 266 nm, in order to lo-

Dimer
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cate IR marker bands that were indicative of
dimerization. In the spectrum obtained betore
UV pradiation (black curve in Fig. 2A), three
strong bands were observed at 1632, 1664, and
1693 cm . These bands, which arise from
double-bond streiches associated with the two
carbony] groups and the C5=C6 double bond
(&), bleached swongly after several minutes
of UV exposure (Fig. 2A). DilTerence spectra
were caleulated by subtracting the steady-state
IR spectrum from each spectrum of the UV-
iradiated oligomer (Fig. 2B). Negative bleach-
ing signals were apparent in the double-bond
stretching region above 1600 em ', In addition,
positive peaks between 1300 and 1500 ¢m !
grew in with inereasing exposure tme, The 1R
ahsomtion spectrum of the photoproduct (solid
curve, Fig. 2C) was obtained from the differ-
ence spectra in Fig. 2B by target analysis (/9),
assuming that a single photoproduct 1s formed.
In fact, a pyrinidine (6-4) pyrimidone photo-
adduct 15 also generated at TT doublets, but n

1800

1600 1400
Wavenumber (cm—1)

Fig. 2. (A} IR absorption spectra of (dT)y, (partial
structure shown at right; Me, methyl) in D,0 after
exposure to UV laser pulses at 266 nm for the
times indicated. (B) Difference IR spectra from
the data in (A). (C) IR absorption spectrum of
the photoproduct obtained from the data in (E)
by target analysis (solid curve), showing three
distinctive marker bands between 1300 and
1500 cm™?. The IR absorption spectrum of (dT),e
before UV irradiation is shown for comparison
(dashed curve). (D) Steady-state IR absorption
spectrum of the cis-syn dimer model compound
in D0 (structure shown at right).
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can be neglected because its quantum yield is
S0 times lower in poly(dT) (200, The absorp-
o spectum (Fig, 2D of a previously  de-
seribed model compound of the cis-syn thymine
dimer (27} 15 in excellemt agreement with the
solid race in Fig. 2C, showing that this is the
only dominant photoproduct under these con-
ditions. Bands in the dimer spectrum substan-
tially overlap those of unirmadiated (dThg above
1500 ¢, In contrast, a wio of marker bands is
evident at 1320, 1402, and 1465 em ™! (Fig. 2C),
and these bands became the focus of the time-
resolved experiments.

Broadhand 1R transient absompion signals were
recorded between 1300 and 1550 em ™' afier
excitation of (dThg by a emiosecond pump pulse
at 272 nm (13). For companson, measuements
were camied oot on TMP, which cannot dimenece
on the ime scales of intercst here because of the
slow mite of diffusional encounter by two TMWP
molecubes. Transient spectra measurad  for both

TMP
1400

(dThg
1400

1500

1500

Absorbance Change (mOD)

0.1

0.0

=0.1

0.2

01

0.0

=0.1 P oasan

-0.2 L 1 i
1500 1400 1500 1400

Wavenumber (cm~1)

Fig. 3. Transient IR difference spectra at the in-
dicated times after 272-nm excitation of TMP and
(dT}ye in D50 solution in the photodimer marker-
band region (typical errors are ~10 pOD). Positive
bands are shaded red, whereas negative signals
are shaded blue. The green and purple curves at
the top show the inverted steady-state IR spectra
of each solute. Strong bands are indicated by the
vertical dashed gray lines. The yellow dashed
curve in the 3500-ps spectrum of TMP represents
the steady-state difference IR spectrum obtained
by raising the temperature of neat D,0 (see SOM).
After ultrafast internal conversion of the excited
molecules, the transient spectra are dominated by
the cooling dynamics of the hot ground states
on a time scale of several picoseconds. Transient
spectra at later delay times show the broad sig-
nature of the heated solvent. The residual bleach
seen for TMP at 3 ns is assigned mainly to inter-
system crossing to a triplet state [estimated quan-
tum yield <0.02 (1)]. For (dT)g, one can see
additional absorption due to the presence of
thymine dimers.

a3

solutes are compared side-by-side in Fig 3.
Negative absorbance changes (bleaches) arc
colored blue, whereas positive signals are red.
The bleaches monor the repopulation of the
starting material, whercas positive signals arise
from the vibrational bands of excited states or
photoproducts. At hirst glance, the ransient 1R
spectra of TMP and (dT)g are very similar.
The quantum yield for dimerization in (dT)hg
is just 2 1o 3%, and most excitations in both
systems decay nonmadiatively on similar time
scales (/).

Drvmamic events revealad by the time-resolvad
spectrm i Fig. 3 that are common 1o both solutes
are discussed first, Initially, UV excitation pop-
ulates the lowest-cnergy lmn* state, resulting in
bleaches a frequencies corresponding 1o ground-
state vibrations (dashed gray lins m Fig. 3).
These bleaches have their maximum amplitudes
near lme zero, as scen in the spectra recorded
048 ps alier the pump pulse. Positive signals
are seen at this tme at all frequencies where
bleaching is not observed. These broad bands
decay with a lifetime close 1o that of the "zn®
state [340 15 for thyvmidine (/)] and are no
longer present in the 3.3-ps spectra. The shon
lifetime of this state is limited by internal con-
version, which moves the population nonradia-
tively from the "nr® state to the vibrationally
excited electronie ground stae. The photon en-
ergy is thus converted into sudden vibrational
heating. This produces positive bands on the red
edge of the negative bleach signals, resulting in
distinctive sigmoidal line shapes (22) such as the
one seen near 1480 em ™' in the 3.3-ps spectra.
These leares disappear by vibrational encray
transfer 1o the solvent (vibrational cooling), with
a time consiant of 2 w 4 ps (74, 74), and are no
longer visible at 20 ps.

The bleach near the maximum of each vi-
brational mode recovers in multiex ponential
fashion with similar kinetics as those that were
previously recorded by transiem absompiion sig-
nals a1 UV wavelengths (/1). The decay is 85
to 90% complete within 10 ps, whercas the
remainder of the bleach recovers with time
constanis that vary between 100 and 1000 ps
because of the decay of the St population
(F20 A boad positive band near 1350 cm ! de-
cays on a 100-ps tume scale and s tentatively
assigned 1o this "nr* state. The spoctra at 3 ns
(Fig. 3) arc dominated by a broad sigmoidal line
shape, extending from 1300 to 1800 cm ', This
distinctive signature arises [rom a tempemture-

Jump effect, which is described in the supporiing

online material (SOM) in more detail. The hot-
water contribution to the transient spectrum
appears within a ew picoseconds, but it then

remains constam in our time window because of

show heat trnspon out of the laser focus (2.3)
There are subtle but significam differences
between the tume-resolved IR specua in Fig, 3.
Gireater modulation i the 20-ps and 3.5-ns spee-
tra for (dThg is due 1o absorption in the oligo-
mer at cach of the three marker-band frequencics

REPORTS

that are identilied in Fig. 2C. The difference is
rcadily scen in a comparison of the transient
spectra that are recorded for the two samples i
a 3-ns delay ume in the top panel of Fig. 4A.
The water-heating signal is approximately the
same for hoth samples because of the similar
extent of ulirafast nonradiative decay. This sig-
mil can thercfore be removed by subtrmcting
the transient spectrum for TMP from the spec-
trum that was recorded at the same delay time
for (dTh g Difference spectra constructed in
this manner are shown by the blue curves in
Fig. 4A and as a contour plot between | and
25 ps in Fig. 4B, The subtmction procedure is
discussed at length in the SOM,

The red trmce i Fig. 4A s the difference
spectrum caleulated by subtmeting the ground-
state absorption spectum of (dThg from the
dimer spectrum of Fig, 2C. This trace represents
the expected absorption changes induced by
dimer formation. The tmansient difference spec-
tra al 15 ps and 3 ns show positive peaks at cach
of the dimer marker-band frequencics and con-
tributions from ground-state bleaching. The ex-
cellent agreement with the stationary spectrum
shows uneguivocally that thymine dimers are
present ~15 ps alter excitation.

The dynamics of the marker bands at carlier
times can be seen in a contour plot of the trn-
sient difference spectrum batween | and 25 ps
(Fig. 4B). The positive marker bands ar (402
and 1320 em™' are elearly visible over the entire
time range. The marker band at 1465 cm ' is
visible down to 4 ps, but it is obscured by vi-
brational cooling of hot thymine molecules @
carlier delay umes. Because TMP and (dT)g
exhibit different cooling dynamics (1), the vi-
brational cooling signatures do not fully cancel
cach other and instead show up in the differ-
ence plot in the vicinity of iniense ground-state
bands. Thus, the cooling dvnamics from the
hot 1480 cm ' band (Fig. 3) cover the 1465
cm " marker band at carly delay times. Cool-
ing is also scen at other wavenumbers during
the first few picoseconds: ez, amound 1350
eam'. For delay times <1 ps, the signals are
dominated by ulimfast relaxation of the elec-
tronically excited state, which obscures dincet
observation of dimer formation at the shonest
times. Nevertheless, the observation ol the di-
mer marker bands 1 ps atter light absomption
indicates that the waction ocours on a lemto-
second time scale,

The dimer vield can be estimated from the
average amplitude of the marker bands in Fig. 4
of =30 p-optical density (OD) units. This is 3%
ol the initial bleach of 1 mOD that was seen
1 ps afier photoexcitation at 1480 cm ™, This

band has a cross section comparable o that of

the three marker bands, so the reported dimer-
tzation yield of 2 1o 3% ([ 3, 24) should produce
a signal of 20 w 30 pOD, as observed, The
dimer vield at <1 ps thus equals the value from
steady-state  expenments  within - experimental
uncerainty, demonstrating that dimerization is
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an ulirafast photorcaction. The high speed of
this bond-fomming reaction is noteworthy but not
unprecedented. Ultratast reaction mates are seen
for some bimolecular reactions when the reac-
tants are suitably preonented (25). Also, the
closely related intramolecular [242] photocy-
cloaddition reaction of norbomadicne occurs in
the gas phase in <100 [5 (26)

The ulrafast time scale of thymine dimeri-
gation suggests that an essentially  barrierless
path connects the initial 'zx* state with the end
product. This suggests that a conical intersection
lics along this path as in computational studies
of other pericyelic photoreactions (8). Dimeri-
zation in (dT hg occurs more rmapidly than many
motions that could bring poorly onented bascs
mto a more favorable conformation for reaction,
For example, base stacking and unstacking in
thymine oligomers require tens of picoseconds,
according 1o a molecular-dynamics study (27),
Dimerization thus occurs only for thyvmine
residues that are already in a reactive conforma-
tion at the instant of excitation (28, 29), Excited
states ol unfavorably oriented thymines are
quenched before a change of conformation can
oceur. The extent of dimenzation under steady-
state imadiation thus depends on the frction of
time that a given doublet spends in reactive ver-
sus ponreactive conformations. Control of CPD
formation by ground-state structure is fully con-
sistent with the rpid saturation of CPD forma-
tion in poly(L) and poly(dT) in a rigid glass at
77 K as compared to room-temperature agueous
solution (30). This occurs because there = a
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finite number of reactive conformations in the
low-temperature polymer. but the polymer in
room-temperature solution is able to thermally
fluctuate, allowing new reactive conformations
Lo appear as exposure conlinues.

Because the rate of reaction by favombly
aligned thymines is much faster than the rate
ol conformational change, the quantum vield
is cqual o the fraction of reactive conformations
multiplied by the probability that a reactive
conformation dimerizes upon excitation (). The
latter quantity is unknown, but it is likely to ap-
proach unity based on the high quantim vields
of dimerzation in molecular crvstals of some
pyrimidine bases (3/) and in dimers split in
rigid matrices (32). With this assumption, the
quantum yield for dimerization 15 simply the
fraction of favorably oriented conlormations.
The low yields For all-thymine oligomers thus
reveal that only a few pereent of the TT doublets
are lavorably positioned for reaction at the tme
ol excitation. This linding is consistent with
the disordered structure of this mther fexible
oligomer (33).

Excited-state modeling is needed 1o fully char-
aclerize the reactive conlormations, bul some
geometrical requirements are readily anticipated.
Base stacking. which has been discussed in the
past as a necessary criterion for reaction (30),
reduces the distince baween C5=C6 bonds as
compared 1o an unstacked geometry. However, the
dimer geometry suggests that a low value of the
dihedral angle between the reacting double bonds
may also be important. The conformational

B
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ﬁ 20
E I 15
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| 5
1500 1450 1400 1350
Wavenumber (cm=1)
| _________sEENEaeS |
03 -02 -0.1 00 01 02

Colar Code for Absorbance Change [mOD]

Fig. 4. Difference spectra formed by subtracting the transient spectra of TMP from those of (dT}ya. (A)
The tep panel shows the transient spectra of TMP and (dT), 4 at 3 ns. Their difference is plotted below as
the blue curve, together with a difference spectrum at 15 ps. The red curve at the bottom represents the
stationary IR difference spectrum of (dT),g (dashed curve in Fig. 2C) and the dimer photoproduct (solid
curve in Fig. 20. It displays the absorption difference due to dimer formation. Vertical dashed gray lines
indicate the position of the cyclobutane dimer marker bands. (B} Contour plot of the difference
spectrum. Red and blue colors represent strong positive and negative differences, respectively. A time
slice showing the difference spectrum at 15 ps thorizontal dashed line in bottom panel) is shown in the
top panel. Positive signals due to dimer formation are visible from ~1 ps onward for the bands at 1402
and 1320 cm™, as indicated by the vertical dashed lines. Because vibrational cooling dynamics differ
for (dThg and TMP, incomplete subtraction in the spectral region around the 1480 cm—? ground-state
band obscures the 1465 cm™ photodimer band at early times.
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changes, such as partial helix unwinding and
bending (34), that are observed near the site of a
CPD are likely 1w be the same ones needed o
make a conformation Favorable for reaction (7).

We fully expect thymine dimerization o be
ultralisst in double-stranded DNA, based on the
speed of the reaction in single-stranded (dT)g.
Base pairing could aflect the rtes of nonrcactive
decay steps such o intemal conversion by the
precursor excited state, but we consider this 1o be
unlikely, because recent time-resolved measure-
ments show no effects due 1o base pairng on the
dynamics of the excited states in AT-containing
oligodeoxynucleotides (/7). We conclude tha
dimenzation occurs with equal speed for bipyr-
imiding doublets in single- and double-simnded
contexts, provided that the TT geometry is similar
for both contexts. Base pairing, on the other hand,
will greatly influence the quantum yields by alicr-
ing the distribution of conlormations. The struc-
tures of {lexible all-thymine oligomers (27, 33)
and double-stranded mixed-sequence DNA differ
substantially, vet the quantum vields caleulated
per photon absorbed by a dimerizable thymine
(see SOM) are the same 1o within a factor of -2 in
rooim-temperature aqueous solution (17, 35).
This means that a small percentage of TT dou-
blets react in double-stranded DINA, even though
virtually all doublets are well stacked. We pro-
pose that the winding of base pairs around the
helix axis [the average twist angle is 36% in the
B-type DNA (B-DNA) conformation (36)] keeps
the C5=C6 double bonds oo far apart, In contrast,
although base stacking in single-stranded thymine
oligomers is rare, the more Nexible backbone does
not prevent these rare stacks from adopting con-
lormations that are suitable for dimerization.

A companson of the lieraure that describes
dimer vields in nueleic acids with A-type and
B-ivpe double-helical structures supporis the
hypothesis that dimerization in double-stranded
DN A occurs as a result of uncommon con foma-
tions. The mte of dimer formation is decreased
bv up o a facior of 2 when double-siranded
DNA is switched from the B-type to the A-type
conformation (37) Even larger protective elfects
have been observed at TT steps in hairpins with
A-tvpe structure (38), The same base paining is
found in both structural classes, and the only
difference s the disribution of accessible con-
formations. This cvidence establishes that the
conlommation controls the reactivity i duplex
DNA, just as in single-stranded (dThg. The aver-
age twist angle between successive base pairs
differs in A-DNA by only a few degrees when
compared 0 B-DNA, suggesting that the ideal
geometries in both helices are nonrcactive.
Instead, dimerization is proposed 1o ke place
at TT steps that deviate in just the dght way from
the averge duplex structure, Thus, the smaller
amount of conformational variation in A-tvpe
versus B-type structures (36) explains the greater
resistance of A-DNA o CPD formation,

The model we have denved from our results
implies that static TT conformation (7, 29), and
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nod conformational motions alier photoexcita-
tion (A, 39, determines the outcome of a reac-
tion. Flexibility docs not help an excitation at
a bipyomidine doublet atam a better conlor-
mation within its lifetime, but a more flexible
backbone can increase the fraction of reactive

conformations that are present at the tme of

light absomption. With knowledge about the con-
formational criteria that make reaction nevita-
ble, molecular-dynamics simulation can be used
to identify damage hot spots,
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Single Photon-Induced Symmetry
Breaking of H, Dissociation

F. Martin,® ). Fernandez,® T. Havermeier,” L. Foucar,® Th. Weber,® K. Kreidi,® M. Schéffler,®
L. Schmidt,® T. Jahnke,® O. Jagutzki,” A. Czasch,” E. P. Benis,” T. Osipov,® A. L. Landers,’
A. Belkacem,® M. H. Prior,* H. Schmidt-Bocking,” C. L. Cocke,® R. Darner?*

H;, the smallest and most abundant molecule in the universe, has a perfectly symmetric ground
state. What does it take to break this symmetry? We found that the inversion symmetry can be
broken by absorption of a linearly polarized photon, which itself has inversion symmetry. In
particular, the emission of a photoelectron with subsequent dissociation of the remaining Hz*
fragment shows no symmetry with respect to the ionic H* and neutral H atomic fragments.

This lack of symmetry results from the entanglement between symmetric and antisymmetric H;"
states that is caused by autoionization. The mechanisms behind this symmetry breaking are general

for all molecules.

yimetres are essential building blocks
ol our physical, chemical, and biological
models. For macroscopic objects, sym-
mirics are always only approximate. By re-
ducing the complexity in the microcosm, these
symmetrics ofien become stnct. Thus, in any
symmetric molecule, the ground state has a well-
defined parity. This propenty has far-reaching
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consequences, such as truncation of rotational
spectm or the existence of ortho- and par-
molccular somers (4). One way 1o break the
symmelry s isotopic substnution of one of the
nuclel (2). In larger systems, symmetry breaking
can also be achieved through selected vibra-
tional modes, such as asymmetric stretch,
which lies at the origin of the Jahn-Teller and
Rener-Teller effects (). Alernatively, external
ficlds can be used w0 favor a paricular mo-
lecular direction, a methed that has recently
been used by Kling ¢ af. (4) 1o induce asym-
metric dissociation of the Hs" molecular jon
into a proton and a hydrogen atom. Here, we
show that, in dissociative ionization by ab-
sorption of a single photon

v+ Hs = p+H+¢ (1)

symmetry breaking is possible even in the
absence of an extemal ficld. This is the smallest
and most fundamental molecular system for
which such svmmetry breaking is possible,
Symmetry operations in a molecule that has

a well-defined panty can change the sign of

the ground state wave funchion {(odd parity, or
ungerade, states). However, all observables must

be symmetric, because they are sguares of

wave lunctions or transition matrix elements.
To achieve lefi-right asyvmmetry in an obscrv-
able, the system must be put into a cohercm
superposition of gerade () (even) and un-
gerade (u) (odd) molecular states. The relative
phase between the two states can then lead
a lefi or right localization of an cleciron. Di-
rect photoionization usually cannot induce this
outcome, because the g and u states of the re-
maining molecular ion have different energics.
Therefore, two iomization pathways are distin-
guishable by the clectron energy and henee the
coherence 15 lost

Figure 1A shows the cnergy diagram for
the Hs and Ha™ molecules. The energy differ-
ence between the lowest g and u states in Hy',
*¥e (150,) and *,(2pa,). respectively, is about
17 eV in the Franck-Condon region of Ha.
Thus, if Hy is directly jonized in a vertical tran-
sition by a photon of energy v, the photo-
electron will have an energy of about £, = hiv
16V when the remaining Ha' s in the g stae,
whereas it will have £, = v — 33 ¢V when the
remaining Ha' is in the repulsive u state, Both
ionization paths are distinguishable by the
cnergy (Fig. 1, B and C). Because in cither
path Hz™ is in a state of well-delined parity, it
manifests no memory of the direction toward
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which the photoclectron is emitted. We show
that such a memory becomes possible if in-
direct pathways of 1wonization through doubly
excited states are taken into account (Fig. 1, D
and E)

The quantum dynamics of the population
and decay of doubly excited states presents an
mmportant and fundamental challenge 1o theory.
The full four-body problem must be teated en-
tircly with quantum mechanics, without semi-
classical approximations for the nuclear motion,
Our ab initio calculation meets this challenge.
In the accompanying kinematically complete
experiment, we used cold arget recoil jon
momentum spectroscopy (COLTRIMS) (5, 6)
to provide the most detatled possible check of
this theory. We calculated and measured the
vector momenta of the proton and the ¢jected
electron in coincidence. Because the dissocia-
tion is rapid compared with molecular rotation,
the dircction of fragmentation coincides with the
molecular omentation at the mstant of ¢lectron
emission. Thus, measurements of the clectron
angular distribution aftord data in the body-fixed
frame of the molecule, and asymmetry in the
molecular dissociation can be observed with
respect (o the election direction,

Doubly excited states and their decay give
ris¢ o a multitude of narow structures, called

Fano resonances (7), in atomic photolonization
spectr. These oscillations in the cross-section
are the result of merference between two indis-
tinguishable pathways through which the clee-
tron can be ¢jected. The photon can expel an
clectron directly, or it can promote the atom 1o
a doubly excited state, which then decays alier
a delay caused by emission of one electon
through autoionization. Because the linal state
in both of these pathways is the same, the am-
plitudes For cach pathway must be added coher-
ently, leading 1o cither constructive or destructive
imerference, depending on the phase shift in-
duced by the time delay. Doubly excited states
have also been seen (817 and predicied (12, 13)
for molecules, However, because in molecules
the excess photon energy can be distnbuted
among intermal nuelear and electron degrees of
frecdom, the sitwation is much more complex
than in atoms, and a clear-cut prool of the inter-
lerence effects 15 missing.

We cleardy demonstrate such  interference
cffeets and show that they cause symmetry
breaking in dissociative photolonization. A first
observation of asymmetric pholoelectron emis-
sion from Ha has been reponted in pioneering
experiments by Lafosse of af. (74). In a different
context, asymmetnc ¢lectron emission has been
observed in O (15) as the result of the decay of

atomic oxyveen after photodissociation of the Oa
molecule, In this case, the observed asymmetry
thus docs not stnctly anse from a molecular de-
Iy PIOCess.

We used the framework of the dipole ap-
prosimation given in Dill's formula (/6) 1o
evaluate photoionization cross-scctions that cor-
respond 1o leaving the residual molecular 1on in
aspecilic electronic stare o, which is differential
in (ip the photoclectron energy €, (i) the photo-
clecwon emission direction in the molecular
lrame, and (iii) the polarization direction with
respect 10 the molecular axis. The transition
matnx element involves e ground molecular
state of energy I, and the final molecular state
of energy Wy + £ representing a molecular ion
i the vy, vibrome state (ather dissociative or
nondissociative) and an emitted  clectron of
enerzy £ Energy conservation dictates that
W + I = W, + £, The two wave functions
were connected by the dipole operator and were
evaluated, neglecting rotational effects, in the
adiabatic approximation using the theory of
Sanches and Manin (/7). |See also equations
42 and 60 of Martin (/8).]

Briefly. the final state comes from a close-
coupling calculation incomporating contributions
from the two lowest ionization thresholds of Ha
[zl','l Isag) and ¥ (2pay)). the six Jowest
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Fig. 1. Energy-level diagram and pathways to dissociative ionization. (A)
Total energy of the Hz and Hz" systems as a function of internuclear distance
{a.u., atomic units). Red and blue are the lowest two series of doubly excited
states of Hy with 11, symmetry. At large internuclear distances, the Q states
dissociate into Him = 1) + Hin = 2,...,e2) and the Q; states into Hin =
2, = 1)+ Hin = 2....20), where n and [ are, respectively, the principal and
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angular momentum quantum numbers of the state. (B to E) Semiclassical
pathways for dissociative ionization by absorption of one 33-eV photon. (B)
Direct ipnization leading to Hy"(1sag) (Eq. 2. (C) Direct ionization leading to
H,"(2pa,) (Eq. 3). (D) Resonant ionization through the lowest Q, doubly excited
states leading to Hz"(1s5g) (Eq. 4). (E} Resonant ionization through the lowest
Q: doubly excited states leading to Hz*(1sog) (Eq. 5) or to Hz*2pay) (Eq. 6).
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doubly excited states of the Q) and Q5 series for
both X," and 1l, symmetries, and the corre-
sponding vibmational and dissociative states. Al
varance with dissociative states associated with
bound electronic states, those associated with
doubly excited states arc the solutions of a com-
plex nonlocal differential equation that includes
the possibility of auotonization decay as the
molecule dissociates. Therefore, the final state
wave function is not given simply by the product
of an clectronic and a nuclear wave function but
by a more complex form that accoums for inter-
ferences among the various electronic and nu-
clear channels. The theory s lomally exact
within the adiabatic and nonmotation approxima-
tions provided that all electronie and nuclear
differential equations are solved exactly (J5)
Our computational methods used B-spline
functions to obtain the electronic and vibra-
tional wave Tunctions and are similar to meth-
ods successtully applicd to a vanety ol other
dissociation-ionization problens in Ha (13, 19, 20),
B-spline functions have also, within the fixed-
nuclear approximation, led to the first numer-

ical solution ol the double photoionization of

Ha (21).

The experiments were performed at beam-
ling 9.3.2 of the Advanced Light Source al
Lawrence Berkeley National Laboratory, The
monechromatized linearly polarized light from
the synchrotron was crossed with an internally
cold and localized supersonic Hs and D, gas
jet. The ions and clectrons were directed by
a combination of weak electne (20 Viem) and
parallel magnete (10 Gy felds onto two
position-sensitive microchannel  plae detectors
with delay-line position encoding (22). Vector

momenta were calculated from the position of

impact and the times of flight of cach particle.
The encrgics of both jons and clecions were
measured. Eleciron, ion. and neutral fragment
momenta ke, & . and ky. respectively, are related
by momentum conscrvation: £, = (k" + ky).
Because of the light electron mass, the electron
momenium is about 2.5% of the heavy panticle
momentum, leading 1o a nearly  bhack-io-back
fragmentation of the proton and hvdrogen atom,
The encrzy deposited by the photon (fv) in
excess of the threshold for dissociative iongation
(15,1 ¢V, Eq. 1) is partiioned among the kinetc
energy release (KER) of the heavy (ragments,
the clecron energy (£, and intemal cxcitation
energy (Ege) of the ncuial (v = KER + E;

18.1 eV — Eue) As expected, the hydrogen
atom is found only in the ground state (Fe.

() in the photon energy range that we exam-
ined. The asymptote of the 150, and 2pa, curve
in Fig. 1 comesponds to a proton and a hydro-
gen atom in its ground state, Because both KER
and £, were measured for cach ovent, energy
conservation could be used 1o very efficicmly
suppress random background or proton and
electron pairs from residual water molecules in
the chamber. The overall energy mesolution was
between 100 meV and 0.5 ¢V, depending on the

energy, and the angular resolution was about 3°,
More detail on the COLTRIMS system can be
found i Jahnke ef al. (23

For simplicity, we restnct our discussion 1o
an orentation of the molecule perpendicular 10
the polanzation axis, This onentation sclects trn-
sitions from the ground state of X7 symmetry
to excited states of 11, symmetry. Figure 2
shows the KER distribution for the reaction in
Eq. | as a function of the photon energy. Three
arcas with islands can be distinguished (1, 11,
and Il in Fig. 2By Regions [ and Il can be
populated by direct jonization, leaving Hy™ in
the 2pa, or lsoy state, respectively, However,
only the latter state contnbutes  substantially,
because a direct dipole transition from the H;
ground state 1o the 2poybn, continuum is very
unlikely (/3). [Indeed. 11 would be stnictly
forbidden in an independent electron picture,
ilmsiz — 2poyim,.| Thus, regions | and 11
canmol be reached m a single-step  direct
photoionization. They are the fingerprint of a
delayed emission ol an Auger electron from Hy
doubly excited states (either Q) or Q;) These
states can either dissociate as a result of the
repulsive character of the corresponding poten-
tial energy curve or decay by autoionization inlo
the 2pay or Isay states when such a decay is
faster than the time required for an effective
dissociation,

We distinguished five different pathways, all
contributing 10 jonization in the pholon energy

20

KER [eV] KER [eV]

KER [eV]

hv [eV]
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range of Fig. 2 and schematically shown in Fig. 1,
BwE:

v + Hy — Hy (15} + ¢, diect (2)

hv +Hz— Hy (2poy) + ¢, dicat  (3)

fiv + Ha — Ha{Qy ) — Hy(lsogl + ¢, resonant

(4)

fiv 4+ Ha = Ha(Qz) — Hy (Isay) + ¢ . resonant

(5)

v 4 Ha = Ha(Q,) — Hy (Zpay) + ¢, resonant

6]

Asymptotically, Hs (2pay) always leads 10 a
dissociation, whereas Hs (1soy) can lead cither
o Hy™ in a bound vibrational state or to a dis-
sociative state, All of these pathways must be
added coherently when they wicld the samne
electron eneregy and hence the same KER. Their
interference kads 1o the distinet finger-like
structures in the low KER region (Fig. 2. C 1o
F). The caleulated structures (Fig. 2, C and E)
are in excellent agreement with the experimental
observations (Fig, 2, D and F). Our calculations
show that the structure is the result of an inter-
ference between the processes in Eqgs. 2 and 4,
the direet and resonant pathways leading to 1so,

Fig. 2. Kinetic energy release as a
function of photon energy for dis-
sociative ionization of H, and D,
(Eq. 1). (A) Theory and (B) experi-
ment for Dy. Regions I, Il, and Il
show three distinct clusters of data
formed by photoionization. (C to
F) Magnification of the low-KER
region of panels (A) and (B) for Hy
[(C) and (D)] and D, [(E} and (F)].
Left, theory; right, experiment,

MNABVMHMBMTE NNRDMBNBNTMS

hv [eV]
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in the same KER region. The finger-like struc-
tures are the molecular analog of the well-known
Fano interferences in the atomic case, but there
are important differences entirely dug o the mo-
lecular character of Ha As the photon energy
increasces, the position of a panticular peak shilis
to higher KER, which leads o fingers with a
slope approximately equal w0 one. The number
and position of the fingers is controlled by the
overdap between the dissociative states that are
associated, respectively, with processes in Eqs, 2
and 4, 50 i is not surprising that our expenmen-
tal data and calculations for Hy and D> show a
large isotope effect on these structures (the dil-
ferent masses cause distinet oscillaions i the
dissociative states).

We then wmed o the angular disiribution of
the electron. We considered a photon energy of
33.25 ¢V and, as above, an orientation of the
molecule perpendicular to the polanzation axis,
Figure 3 shows the key results of this work,

Fig. 3. (A) Angular distribution of
the electrons as a function of KER for |
dissociative jonization of D, (Eq. 1) a

at a photon energy of 33.25 eV, |

linearly polarized light. The orienta- .
tion of the molecule at 90° to the .
polarization {theory) and 90° £ 10° |,
(experiment) is indicated by colored | ‘

Plotted is the angular distribution of the electron
with respect o the polarization axis (horizontal).
The plane of the figure s defined by the mo-
lecular axis and the polanzation vector; only
clectrons in this plane are scleeted. The mol-
ceule is perpendicular to the polarization axis
with the proton pointing upward. The angular
distributions are found o vary strongly with the
kinetic encrgy release. In addition to the change
from a dumbbell w a butterfly shape, we found
a strong asymmetry, in particular in a narmow
range of KER = 8 10 10 ¢V, corresponding o an
electron energy of £ = 5 10 TeVo All major
featsres predicted by our theory are conlinmed
by the experimental data. They are also con-
sistent with those reported in a previous experi-

ment (£4) by avermging over KER imervals of

25103 eV
Our theorctical analysis allows us 1o distin-
guish the contributions leading 1o 150, (the sum

circles (blue, deuteron; green, deu- = . .
terium). The (horizontal} polariza- | .

tion vector and the molecular axis

define a common plane. The elec-

tron i restricted to this plane by c d \
+45°, Solid red line, theory; circles Y

with error bars (where error & SD), | \ 1%
experiment; dotted line, fit of the | . k
experimental data with spherical har- | *\ o !
monics. The theoretical results have . P s
been integrated over the experi- | 3 .
mental acceptance angles and KER | af y

resolution as well as electron resolu-
tion. Infinite resolution theoretical

results are shown by the small three-
dimensional plots in the upper right e

KER = 0.2 (a), 63 (b), 7.8 (d, 92 | .
(d), 11 (), and 14 eV (f). Units are
arbitrary units. (B} The angle-

integrated KER spectrum. Red line, | e
theory; black line, experiment; letters | ~
a to f correspond to a to f in (A) i i
KER intervals are +0.1 eV. The x-axis |
shows KER in eV. The y-axis shows a
cross-section in arbitrary units, L
B
|,
| *
i
0
A
: L™
| [
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leading 10 2pay (the sum of processes in Egs. 3
and 6). For a fixed photon energy of 33.25 ¢V,
the contributions of the 1sa, and 2pa, channels
overlap in the 8- o 10-¢V region (Fig. 4), where
the largest asymmetry is observed (Fig, 3),

How can the 1sa, and 2pa, channels interfere
o produce an asymmetnce angular distibution?
To answer this question, we performed a model
calculation in which we only included the dircal
ionization channels—lsoghn, and 2pofr,—and
the lowest Q5 state of 11, symmetry, The angular
distributions  found in this model caleulation
were very similar 1o those obtained from the Tull
calculation (Fig, 3). In panticular, the asymmetry
was very well reproduced, showing that the Qy
sales are not responsible lor 1is occurrence. We
then excluded the two dircet channels (Egs. 2
and 3) and only considered the decay ol the (2
sate through the channels in Egs. 5 and 6. The
asymmetry remained, thus showing that the ori-
gin of the asymmetry is the mterference between
these two channels, e, between the resonant
population of an ungerade and a gerade state. It
is only the coherent superposition of these
pathways that allows for a localization of the
bound electron in the dissociating Hy™. The
transient molecole has broken symmetry and
can keep a memory of the direction in which
the electron departed. We also found that the
fingers in Fig. 2 did not appear when the direct
channel (Eq. 2) was not included in the cal-
culation, thus confirming that their origin is the
interference between resonant and nonresonant
population of the 1se, state. In any case, the
latter interference did not lead 10 a noticeable
asymmetry.

The results of the full guanmum caleulation
completely differed from those of the widely
used simple semiclassical model (also used in
Fig. 1. B 1o E. for pedagogical purposes). In this
simple model. the system always strictly fol-
lowed the poiential energy curves and only
vertical transitions between them were allowed.
These venical wansitions may oceur as a resull
of photon absorption (vertical lines on the lefiy
or autoionization decay (venical lines on the
rght). In this framework, all molecules had an
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Fig. 4. Calculated D" kinetic energy distribution
in dissociative ionization of Dy by absorption of a
33.25-eV photon. Solid line, 150, channel; dashed

line, 2pa, channel. The inset is a magnification of
the squared region.
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identically well-detined value of the internuclear
distance during the transition and, consequently,
any possible direct energy exchange between
clectronmic and nuclear motions was neglectad.
For example, m such a model. the electron en-
crgy from the path shown by an orange linc in
Fig. IE (resomant photoionization through the
2pa, channel) would be equal w the encrzy
differcnce between the Qg and the 2po, curve at
the marked internuclear distance. Similar nea-
soning predicts the electron enerey along the
path shown by the green line (resonant photo-
ionization through the lsgy channel). Our cal-
culations show that, in this case, although such
simplified models have heuristic and pedagog-
ical value, they lead w false conclusions, The
mode] predicts that the maximum possible value
ol the KER i the 1se, channel is 8.1 ¢V (cor-
responding o an auloionization decay at infinite
mtermuclear distance), which s the minimum
possible value of the KER 1n the 2pa, channel
{cormesponding 1o aulotonization decay at the
cquilibrium internuclear distance). Therefore, no
interfercnce between g and u stales can oceur
within this model because the clectron energies
and the KER regions for transitions 1o 1sa, and
2pa,, would have no ovedap, and hence the
clectron gjection would always be symmetric,
Owr fully quantum mechanical treatment showed
that transitions W the sey state can oceur be-
vond 8.1 ¢V and that transitions to the 2pa, state
are possible even at zero KER. Thus, the
angular distribution can exhibit an asymmetry
over the whole region of KER. Sinctly speak-
g, a symmetne dissociation n the presence ol
resonances 15 the exception rther than the rle.
It becomes guantitatively substantial in the re-
mion where both channels are comparably ac-
tive, between ¥ and 10 ¢V however, it is also
visible in regions where one of the channels dom-
inates (Fig. 3A. b to ).

Notably, the observed asymmetry has no
relation 1o the direction in which the charged
fragment is emitted: The lareer lobes ane some-
times found on the won side (Fig. 3A. ¢, d. and ¢)
and sometimes on the neutral side (Fig, 3A. b
and ). Both theory and expeniment show that
the asvometry oscillates with the KER and that
the amplitude of these oscillations 15 more
important m the region where the s, and
2po, channels overlap, Between consceutive
oscillations, there are KER values for which the
disiribution is practically symmetnc. Thus, the
asymmetry cannot be explained by a preferred
altractive interaction between the proton and
the escaping electron (the latter is oo fast 1o
be efficienly pernturbed by the slow proton, ex-
cept possibly in the region of the maximum al-
lowed KER).

Asymmetric phowoelectron angular distnbu-
tions should anse in any symmetne molecule
that decayvs through two (or more) dissociative
ionization channels associated with differemt
symmetrics of the residual molecular ion. When
the lmal electron encrey s the same in both

channels, the comresponding ionization pathways
are indistinguishable, This equivalence leads o
mterferences that depend on the tme delay be-
tween the two onzation processes. The time
delay implies that the decay in either pathway
occurs at differemt positions of the nuclei, This
unique relationship between time delay and nu-
clear positions makes the problem of molecular
autoionization much richer than the atomic case,
and the asymmetry of the photoelectron angular
distribution its most noteworthy (and so lar
unexpected) effect. Symmetry breaking should
be considered a general molecular manifestation
of autoionization when several decay channels
are effectively accessible,
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Ultrafast Bond Softening in Bismuth:
Mapping a Solid’s Interatomic
Potential with X-rays
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Intense femtosecond laser excitation can produce transient states of matter that would otherwise be
inaccessible to laboratory investigation. At high excitation densities, the interatomic forces that
bind solids and determine many of their properties can be substantially altered. Here, we present
the detailed mapping of the carrier density—dependent interatomic potential of bismuth
approaching a solid-solid phase transition. Qur experiments combine stroboscopic techniques that
use a high-brightness linear electron accelerator—based x-ray source with pulse-by-pulse timing
reconstruction for femtosecond resolution, allowing quantitative characterization of the interatomic
potential energy surface of the highly excited solid.

he availability of bright sources of ul-

I trafast hard x-mys, such as fulre free-
clectron lasers, opens up the possibility 1o

follow atomic motion stroboscopically with the
picometer spatial and  femtosecond  temporal

resolution required o capture the fastest atomic
vibrations and the making and breaking of

chemical bonds (f). However, the inability w
precisely tme the x-ray probe can lead 1w sig-
nificant reduction in temporal resolution.
Recently, the use of single-sho detenmination
of the x-ray amrival tme as a means of mndom
sampling has been demonstrated 1o circumyent
this problem (2). Using this technique, we con-
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ducted femtosccond laser-pump  x-ray- probe
experiments that clucidate the role that carnier-
mduced bond-sofiening and anharmonicity play
i the high-amplitude phonon dynamics of pho-
toexcited bismuth.

The valence electrons and ionic cores (nu-
cleus and core electrons) that constitute a
erystalline solid, in general, can be considered
as distinct components that couple through the
electron-lattice interaction. In bismuth, as well
as antimony and tellurivm, the electron-lattice
interaction is strong and the lattice conligu-
ration is sensitive 1o the population distribu-
tion of electrons within the conduction bands,
In these materials, femtosecond photoexcitation
of charge carners drives the symmetric zone
center Ay coherent optical phonon mode
{3-5). The vibrational excitation i1s generally
belicved o be displacive: The population
redistribution of valence electrons alters the
potential energy surlace of the lattice and
gives rise 1o a restoring force that drives co-
herent atomic motion. The dynamics of this
mode are determined by the curvature and
minima location of the aliered potential en-
ergy surface (quasi-equilibrium coordinate).
Knowledge ol electronically excited enecrgy

surfaces is essential for predictive models of

nonequilibrium behavior in this and a wider
class of important processes in nature (from
photocatalysis (o nonequilibrium charge trans-
port in nanounctions).

Experimentally, the A, vibrational mode
has been monitored indircetly by miecasuring
time-dependent optical reflectivity (3, 6-10)
and direetly by time-resolved x-ray diftraction
measurements (/7). However, with the latter
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technique, low x-ray fux prevented carrier-
dependent studies of the interatomic potential,
Recent observations in bismuth and tellunium
reveal that the vibmtional frequency is not
constant: It red-shifls from the cquilibrium
value under high-intensity excitation, indicat-
ing a soflened phonon mode (7, 9-12). Alier
the nitial softening, the oscillation lrequency
blue-shifts back toward the equilibrium value
as the oscillation amplitude and carrier density
decay (9, 10), The mechanism responsible for
this time-dependent vibrational frequency
shilt, or chirp, has been controversial, Hase
ef af, concluded that the chirp was due 10 an
amplitude-dependent frequency caused by an-
harmonicity of the mteratomic potential (V).
Fahy and Reis suggested an aliernate ex-
plananon based on electrome soliening ol the
potential and the subsequent dynamics of the
photoexcited carriers (/3). Optical coherent
control experiments i which the phonon am-
plitude was varied at lixed electronic excitation
demonstrated that the observed phonon fre-
quency s dominated by electronic elfects and
that anharmonicity in the interatomic potential
playvs a negligible role. a finding that was
supported by ab initio constrained density fune-
tional theory (DFT) calculations (70). Howev-
er, because optical reflectivity does not measure
atomic positions, the locaion of the potential
energy minimum and the amplitude of the
phonon-driven atomic displacement could not
be determined.

We used femtosceond x-ray diffraction o
clucidate the dynamics of the high-amplitude
phonons by direet measurement of the atomie
positions within the unit cell. The knowledge
of the time evolution of the atomic positions cn-
ables the determination of the quasi-cquilibrium
coordinate and curvature ol the interatomic
potential and the comparison of these param-
cters to previous DFT calculations. The po-
tential well shifis and sofiens with increasing
carrier density, corresponding 1o a highly ex-
cited solid in which a subsiantial fraction of
the total valence electrons are promoted to the
conduction bands,

Fig. 1. Bismuth (111} x-ray diffraction
efficiency as a function of time delay
between the optical excitation pulse and
x-ray probe for excitation fluences of 0.7
(green), 1.2 (red), 1.7 (blue), and 2.3
m)iem? (gray). The zero-delay point was
set at the half maximum of the initial
transient drop. The inset displays the
optical phonon frequency as a function
of the normalized atomic equilibrium
position along the body diagonal of the
unit cell x as measured by x-ray diffrac-
tion. The dotted curve represents the
theoretical prediction obtained from DFT
calculations of the excited-state potential-
energy surface (10).
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The room temperature structure of bismuth is
rhombohedral AT with two atoms per unit cell.
This structure 1s a Peierls distortion ol a simple
cubic structure, with allernating atoms spaced
noncquidistantly along the body diagonal or
trigonal axis. Thus, there exists a double-well
interatomic potential with normalized cquilib-
Aum coordinate at v = (L5 + 8 (in units of the
hexagonal unit cell length, ¢ = 118 nm), The
Ay mode consists of an oscillation of the two
basis atoms along the tdgonal dircetion, and thus
xis also the phonon coordinate. & is a measure of
the Peierls distortion, that is, the deviation of
cach potential energy minimum from the svim-
metric x = 0.5 poin. The quasi-cquilibrium
coordinate and shape of the well constraining
the atoms along the trigonal direction are sen-
sitive o excitation of carriers {from the valence
band to the conduction band (/0).

A SO-nm-thick bismuth film grown by mo-
lecular beam epitaxy with a (111) surface
oricnlation (J4) was excited at room tempera-
ture by near-infrared pulses [(T0 5 full width a
hall’ maximum (FWHM)| propagating from a
Tisapphire laser system in a direction colinear
with the x-rays. The x-ray pulses (10° photons at
9 keV, 0.24 mm® arca, 100 f5 duration) were
generated from the Sub-Picosecond Pulse
Source (SPPS) at the Stanford Linear Acceler-
ator Center (SLAC). The (111) x-ay Bragg
reflection was observed for absorbed excitation
Nuences between 0.3 and 3.0 m)/em? per pulse
at a 10 Hz repetition rate (/1.5), We note that s
1.5 mVem?, enough energy is deposited 1o even-
twally raise the wemperature of the entire film o
the melting point, although at least 4. 1 mlem? is
required to provide the additional latent heat for
thermal melting. It is in this high uence regime
that uliralasi excitation of carriers generates large-
amplitude coherent phonons with a significantly
lowered frequency.

During the first few picoseconds after ex-
citation, it appears that the absorbed energy is
stored almost entirely in the electronic degrees
ol freedom and the mechanical vibration
associated with the A, mode. In this time. the
volume of the unit cell remains fixed and the
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lattice remains at room temperature. On the
time scale of =20 picoscconds, considerable
uniaxial strain is observed as a shift in the
Bragg angle. Thus, the observed changes in the
diffraction efficiency at these carly times (Fig. 1)
are due w structural changes within the unit
cell of the crystal. The structure factor for the
(hkl) Bragg reflection is a function of the
phonon coordinate

F=2geos|nihi+k+{)x] il

where (g 15 the momic scattering factor for
bismuth, In the limit of a thin film and constant
temperature, the normaleed diffraction signal
for the (111 reflection 15 a direct measure of the
atomie displacement along the tngonal direction

1)/ 10y = cos? [3n 0] / cos® [3x d)]  (2)

A large transient decrease in diffraction clli-
ciency oceurs upon the arrival of the excitation
pulse (¢ = 0) and is followed by damped
oscillations superimposed upon a recovery. In
the high-symmetry, non-Peierls distorted state,
x = (L5 and the (111} reflection is forbidden by
symmetry. Thus, the transient decrease is attri-
buted o a sudden shift in the minima location
of the potential energy surface (toward v = 0.5)
i the exented electronice state, leading o atomice
oscillations about the shified equilibrium. Mea-
surements of the (222} reflection, which in-
creases in intensity for the higher-symmeiry
arrangement, conlinm this attnbution. A similar

=

2 40 &0 80 100 meV

25 30
Carrier Densgity (% valence)

14 15 20

Fig. 2. Interatomic quasi-equilibrium position
as a function of the percentage of valence elec-
trons promoted into the conduction band. The
red circles represent experimental results; the
dotted line depicts the potential minimum ob-
tained from the DFT potential landscape. The
adjusted potential energy surface obtained from
DFT is overlayed in false color representation
{10). The bismuth unit cell is displayed in the
upper right quadrant. The red bar represents the
body diagonal length ¢, and the yellow bar rep-
resents the basis atom coordinate xc.

behavior was observed by Sokolowski-Titen
ef al, {11} The quasi-equilibrium coordinate is

then measured directly from the magnitude of

the transient decrease of the relative diffraction
efficiency scen in the (111) data (1.c., from the
value about which the oscillations occur), The
subscquent increase is ascnbed o carrier re-
laxation through diffusion and recombination,
which eventually restores the potential encray
surface 1o its equilibrium shape at excitation
levels below the damage threshold.

The oscillatory part of the diffraction signal,
commesponding to the coherent optical phonon
maode, was fit to a decayving sinusoid with fixed
frequency and varyving imitial phasce, Because the
phonon frequency is chimped, the frequency ob-
tained from the it represents the average
phonon frequency over the fitiing mterval
(0.5 w0 1.5 ps). The measured value, ranging
from 2.84 10 2.31 THz, is red-shified relative to
that observed in continuous wave Raman scal-
termg expermments (2,93 THz) (&), Somilar
soltening has been measured in optical experi-
ments (7, 9, 10).

The inset of Fig. 1 displays the dependence
ol phonon frequency on the quasi-equilibrium
coordinate {measured over the same time in-
terval as the phonon frequency ), Our results also
represent average values over the sample depth
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Fig. 3. Interatomic potential curvature as a
function of carrier density n. Solid lines represent
the region of the interatomic potential sampled
by the atoms under complete displacive excita-
tion. The curvature was derived from the measured
phonon frequency, assuming pure harmonic mo-
tion. Dotted lines are cross sections of the DFT
interatomic potential surface displayed in Fig. 2 for
fixed carrier densities. The vertical scale is adjusted
for clarity, and the potential energy is displayed
relative to the minimum of the unexcited structure.
The inset displays the phonon frequency as a
function of carrier density. The dotted line shows
Alg frequendies from DFT frozen phonon calcu-
lations. The starred point is the equilibrium Raman
value of the Alg frequency.
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for both frequency and quasi-equilibrium
coordinate, because the x-ray penctration depth
ts much larger than the film thickness. In the
absence of photoexentation, the accepted values
of the frequency and equilibium location
room temperature are 2,93 THe and x = 0.46719
(L, Ja-18) At a measured quasi-cquilibrium
coordinate of x = 04729 + 00001, the well is
shified by 6.7 picometers and the ineratomic
forces arc softened by 35% (~20% decrease in
the phonon frequency). The results are com-
pared with the constrained DFT calculation of
Murmay e al. (/1) (doned line). These first-
principles calculations assumed production of a
single electron-hole pair per absorbed photon and
rapid thermalization of the electrons and holes by
ntraband  scattering, followed by elecimon-hole
recombination on a longer ime scale. Therelore,
the electron and hole distributions are approx-
imated as independent Fermi-Dirac  distri-
butions with separate chemical potentials such
that the average energy of cach pair 15 equal o
the photon energy. Despite these approxima-
tions, the excellent agreement with experimen-
tal results here demonstrates the ability of DFT
o quantitatively predict the essential excited-
state features (quasi-equilibrium coordinate and
frequency) of this system.

Under the same assumption of a single
clectron-hole pair produced per absorbed pho-
lon, we separately compare the measured
quasi-equilibrium coordinate as a function of
carrier density to the DFT predictions (Fig. 2).
The ecaleulated double-well potential with the
quasi-equilibrivm coordinate 15 indicated by
the dotted line (for illustrative pumposes we
arbitrarily chose the v < 0.5 well). The curving
of the dotted line toward x = 0.5 shows that
increasing carrier density reduces the Peicrls
distortion. The shilt in equilibrivm coordinate
was measured for carrier densities spanning
0. 18% 1w 1.8% of the total valence electrons,
averaged over the 530-nm film. A transicnl
displacement of 11 picometers was obscrved
for the highest carrier density and corresponds o
2.0 of the equilibrium interatomic scparation
along the trigonal axis. This value is not the
same as the change in nearcst-neighbor distance,
which is smaller by a factor of about two. Higher
excitation levels led to imeversible damage to the
material, which was evident as an overall
decrease in the diffraction cfficiency for the
unexcited crysial.

The calculations suggest that upon excitation
ol -2.5% of the valence electrons, bismuth un-
dergoes a structural phase transition o a higher
symmetry state, whercas at approximately 2%
excitation the barrier between the wells is low-
ered sulliciently for the atoms to move in both
wells (/9. 1t is unclear, for an initial room tem-
perature lattice, whether this level ol excitation
density can be achieved without subsequent
thermal melting of the material (or what role
formation of domains plays in the meling tran-
sition). Al these excitation levels there is no
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Fig. 4. (A) X-ray data arranged

sequentially by the arrival time
determined by electro-optic sampl-
ing for N = 10, 100, and 1000
shots. (B) Corresponding histo-
grams of the measured electron
bunch arrival times. A movie of the
data acquisition is included as sup-
porting online material.

Mormalized Diffraction Signal

B
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1
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25 N = 1000

evidence, either expenmentally or in the DFT
results, ol a nonthermal melting transition such
as that found m weimbedrally bonded semicon-
ductors (20-24),

In addition to the quasi-cquilibrium co-
ordinate, we extract the carrier density
dependent curvature of the potential well from
the measured frequency of the Alg mode,
assuming a harmonic potential (solid black
curves in Fig. 3). The extent of the curves

represents the maximum range of motion of

the jons that occurs in the limit ol a purely
displacive excitation. A comparison of these
results with the potemtial calculated by DFT
{dotted lines, corresponding 1o lixed-density
cross sections of the surface shown in Fig. 2)
shows that for camer densities as high as
1%, the atoms are well deseribed as moving
in a purcly harmonic potential. At the highest
carrier density in which we could extract a
phonon frequency from the data, the calcu-
lations predict only a slight deviation from a
harmonic potential. This result is reinforced
by the excellent agreement between the mea-
surcd and calculated frequency (which in-
cludes the anharmonic terms) as a function
of carricr density (Fig. 3, insct). Thus, al-
though anharmonicity must be present at
some level, electronic sofiening by far dom-
imates the determination of the phonon fre-
quency at the high excitation densities in this
and former cxperiments,

Two important technical advances ¢n-

abled these experiments: the generation of

high x-ray photon fux in a wemporally shon
pulse from a lincar accelerator source and the
ability 0 measure the relative x-ray and laser
pulse arrival times. Standard stroboscopic mea-
surements in the subpicosecond time regime
derive the excitation pulse and probe pulse
from the same ultrafast source with the pump-
probe relative delay determined by the optical
path length difference. This sctup ensures syn-
chronization between pump and probe  and
realizes the temporal limit set by the probe
pulse duration. In experiments in which the
pump and probe are derived from scparate
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sources, such as the study reporied here, svn-
chronization 15 not inherent and must be ac-
tively attamed. To achieve temporal resolution
ol the order of x-ray pulse duration, 1t 15 nee-
essary 1o either synchronize the two sources
to a [raction of the probe pulse duration or to
measure the relative arrival time on a shot-
by-shot basis. As a result of sources of jitter
in the lincar electron accelerator that cannot
be mitigated, particularly electron bunch ener-
ay fluctuations, synchronization to the level
of the x-ray pulse duration 15 not achievable
and a relative time-of-amival measurement is
essential for experiments that require multishot
data acquisition.

Temporal resolution of =100 {5, required
1o observe coherent phonon motion in bis-
muth, was achicved by measunng the relative
arrival time of the eleciron bunches wsing
clecto-opiic sampling (EOS) (7). Laser pulses,
split from the same source wsed 1o photo-
excite the bismuth film, were transporied by
optical Nber to the electron beam (25). The
measured electro-optic signal from the elec-
tron bunch was as short as 170 s FWHM,
and the centroid of this feature was deter-
mined to sub-20 [5 precision and wsed as a
time stamp for the relative time of arrival. The
temporal jitter between the pump and the
probe provided random sampling of time
points, Xeray data obtained from difTraction
measurements were sorted o 4015 tme
bins according w the time of amrival mea-
sured through EOS (Fig. 4). Data within a
time bin were averaged together 1o increase
the signal-to-noise ratio. The resulis of these
experiments demonstrate the tvpe of data col-
lection techniques and timing diagnostic that
will be instrumenal 10 maximize the scientific
capabilities of the next generation of x-ray
light sources,
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Rapid 20th-Century Increase in Coastal
Upwelling off Northwest Africa

H. V. McGregor,**t M. Dima,* H. W. Fischer,* 5. Mulitza®®

Near-shore waters along the northwest African margin are characterized by coastal upwelling and
represent one of the world's major upwelling regions. Sea surface temperature (557T) records from
Moroccan sediment cores, extending back 2500 years, reveal anomalous and unprecedented
cooling during the 20th century, which is consistent with increased upwelling. Upwelling-driven
55Ts also vary out of phase with millennial-scale changes in Northern Hemisphere temperature
anomalies (NHTAs) and show relatively warm conditions during the Little lce Age and relatively cool
conditions during the Medieval Warm Period. Together, these results suggest that coastal upwelling
varies with NHTAs and that upwelling off northwest Africa may continue to intensify as global

warming and atmospheric CO; levels increase.

oastal upwelling occurs along the cast-

em margins of major ocean basins and

develops when  predomimantly  along-
shore winds force offshore Ekman transport
ol surlace waters, which leads o the ascend-
ing (or upwelling) of cooler. nutnent-rich water
(7). Coastal upwelling is of large economic
importance and accounts for -20% of the
global fish catch. yet constitwtes <1% ol the
world's oceans by area (7). Coastal upwelling
is also of major imponance o primary and
secondary  productivity and  strongly  inllu-
ences atmosphere-ocean COs exchange, as
well as carbon reeyeling and export 1o the
open ocean. The understanding of potential
global warming -related changes i the inten-
sity of coastal upwelling has become increas-

mgly important because ol the Likelihood of

dramatic ccosystem and  sociocconomic im-
pacts (3-a). Although there is some evidence
that the vigor of coastal upwelling, at least at
the decadal scale, has progressively increased
as a result of anthropogenic greenhouse gas
emissions (3, 5. 7). most evidence is based
only on short instrumental records. Longer
temporal records are needed 10 assess whether
upwelling truly has imtensified.

We investigated long-term changes in
coastal upwelling intensity along the northwesi
(N'W) African margin using two sediment
cores that not only have decadal-or-better res-
olution but also extend Irom the lae Holo-
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cene to the end of the 20th century and overlap
temporally with instumental data sets, The two
cores (gravity core GeoB6O0S-1 and mulu-core
GeoB600R-2) were recovered from the heant
of the Cape Ghir upwelling system ofl the
coast of Moroeco (30°50.TN, 10°05.9°W:

355-m water depth) (Fig. 1) The region off

Cape Ghir is particularly well suited for the
study of upwelling because it constitules one
of the most persistent upwelling cells along the
NW African coast, with upwelling occumring
vear-round (8- F1), Sea surface lemperatures
(55Ts) in upwelling zones are sensitive -
dicators of changes i upwelling  intensity
and prevailing winds (&, /1), and, in the Cape
Ghir arca, cooler S5Ts result directly from in-
creascd upwelling intensity (8, f0) (Fig. 1)
Thus, using the well-cstablished  alkenone
unsaturation index (U%;) as a SST proxy, we
reconstructed 88T and wpwelling at Cape

Gihir (/2). We have confidence in the use of

alkenone Usy as an SST proxy at Cape Ghir be-
cause several factors that could have a potentially
detrimental influence on the US-SST relation-
ship are minimized at this site [see supporting

20°W

Fig. 1. Advanced very-high-
36°M

resolution radiometer (AVHRR)
Oceans Pathfinder 5 55T image
of NW Africa (September 2004),
marked with the location of sed-
iment cores GeoB&00B-1 and
GeoB600B-2 (star symbol). Inset
map shows the area covered by
the 55T image (black box). The 55T
image was obtained through the
online POET tool [Physical Ocean-
ography Distributed Active Archive
Center (PO.DAAC) Ocean Earth
Science Information Partner] at
PO.DAAC, National Aeronautics
and Space Administration, Jet Pro-
pulsion Laboratory, Pasadena, CA

(http:podaac.jpl.nasa.gov/poet). The 55T data show a narrow strip of cold =
coastal waters (purple and dark bluel, 3° to 5°C colder than open ocean .y
S5Ts, indicating the Cape Ghir upwelling center. A coastal upwelling e
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online material (SOM) text]. We also measured
the carbon 1sotope ratio (&"C) of the benthic
foraminifera  Uvigering mediterranea in both
cores (£2) o obtam a record of anthropogenmic
carbon input into the occan as recorded at site
CrooBOO0S,

When taken together, datng of the sedi-
ment cores shows that they extend from 520
B.C. 1o 1998 AD. (/2). *'"Pb dating on the
33-cm-long multi-core and the upper 17 ¢m
of the gravity core (Fig. 2 and fig. 51). in
addition 10 ¢ight calibrated accelerator mass
spectrometer (AMS) radiocarbon analyses on
the rest of the gravity core (Fig. 3A and wable
510, reveals an extremely high sedimentation
rte of <210 em per thousand vears (/2). This

finding, along with a sampling resolution of

between 2 and 25 vears, allows an unprece-
dented view of 20ih-century and late-Holocene
upwelling history,

For most of the 20th century, the two al-
kenone 55T reconstructions show a steady
cooling trend ol ~1.2°C. which indicates an
increase in upwelling intensity (Fig. 2). In
addition, the patterns of variability during the
~6lyear period where the two cores overlap
(1912 o 1971 A.D.) are notably similar, which
attests 10 the consistency of the age mode] in
this part of the core and of the SST signal in
cach record. The tend o cooler SSTs and in-
creased upwelling through the 20th contury is
consistent with pronounced upwelling intensili-
cation for the latter pant of the 20th century
inferred from two caleulated upwelling indices
for the Canary Current region (3, 13) Our 55T
changes are alse consistent with inereased,
upwelling-favorable meridional wind speed
observations for Cape Ghir (Fig. 2) and for
the grd sguares 1o the immediate norh and
south of the cape along the Moroccan coasi
(not shown) (/). Direct comparison of the
alkenone S5Ts with instrumental 85T records
is ditficult because ships of opponunity (i.c.,

16"W

12°W B W

SST(°C)

filament (light blue) is also present, extending offshore from Cape Ghir.
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commercial vessels that have agreed to collect
occanographic data en route 1o their destina-
tion) m this region pass oo far from the coast

Fig. 2. Normalized alkenone 55T records
from cores GeoB600B-1 (red circles) and
GeoB6008-2 (red triangles) for the 20th
century as compared with the Bakun up-
welling index for NW Africa (pink trace)
(3), an upwelling index caloulated for
Cape Ghir (brown trace), and meridional
wind speed data (orange trace) (14). Al-
kenone 55T records are normalized to the
mean for the overlapping period between
them (1912 to 1971 A.D.) to allow for a
~0.5°C offset (12). The vertical red bar in-
dicates the error on alkenone 55T estimates
{12). 2*Pb dates for GeoB&008-1 (black
circles) and GeoB&00B-2 (black triangles)
are shown at the base of the graph. The
Cape Ghir upwelling index was calculated
for 31°N, 10.5"W, with a coastal angle of
182°, and was obtained from the Envi-
ronmental Research Division of the Nation-
al Oceanic and Atmospheric Administration,
National Marine Fisheries Service, South-
west Fisheries Science Center (www plel.

Mormalized SST (°C)

B
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to detect the upwelling (8, /), and gridded
data sets smooth out the cooler upwelled-
water S5T signal. The absolute alkenone S5T

Upwelling Index dev. (m3s-"100m-")

noaa.gov) (13}, Both upwelling indices are presented at annual resolution and as the deviation from the
mean of each record. Meridional wind speed data are from Comprehensive Ocean-Atmosphere Data Set
Release 1 data (24) for 31°N, 11°W. Calculations were restricted to the 1950-1992 A.D. period,
because during this time interval no more than two values per year were missing. Annual means were
then calculated based on the monthly values. More negative values indicate more southerly (equa-

torward), upwelling-favorable winds.

Fig. 3. Age/depth relationship, normal-
ized alkenone SST, and 6**C records for
the full length of cores GeoB6008-1 and
GeoB&008-2, compared with NHTA re-
constructions and ice-core CO; records, (A}
Age model for GeoB6008-1 based on the
calibrated AMS C ages [diamonds; ages
are reported as calibrated radiocarbon
years AD. (cal yrs AD), and error bars
represent the 2o-calibrated age range
(12)] and, at the top of the core, *2%b
dates (gray circles, shown in more detail in
Fig. 2), and the age model for GeoB6008-2
based on **°Pb dates only (gray trian-
gles, shown in more detail in Fig. 2). Pe-
riods highlighted at the base of the
figure represent the LIA, MWP, Migration
Pessimism (MP), and the Roman Optimum
(RO). (B) Normalized alkenone SST from
GeoB6008-1 (red drcles) and GeoB600B-2
(red triangles), the reconstructed millennial
made from the GeoB6008-1 alkenone SST
record (solid black line), and 6*C measured
on U, mediterranea from GeoB600S-1 (blue
circles) and GeoB6008-2 (blue triangles).
Vertical red and blue bars indicate the emor
on alkenone SST estimates and 5C analy-
ses, respectively (1.2). (C) Law Dome (purple
squares) (28) and Taylor Dome (purple
triangles) (29) atmospheric CO, records, as
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well as three NHTA reconstructions: the instrumental record (10-point smoothing; orange line) (26), a ~2000-year
reconstruction based predominantly on terrestrial proxies (green line) (24), and a ~2000-year reconstruction with
the use of high- and low-resolution proxy data (blue line) (25). ppmw, parts per million by volume.
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values are, however, within the range of 55Ts
reported by rescarch cruises in the Cape Ghir
region (SOM text). In addinon, the rend o
conler S8Ts at Cape Ghir s consistent with a
trend o cooler S5Ts for 1982 10 2001 A.D.
basced on satellite-derived obscrvations  for
coastal upwelling along the Iberian margin
(37° to 42°N) and the NW African margin
227 to 30°N and 12° 10 20°N) (/5).

When viewed in the context of the S8T
anomaly reconstruction from the entire gravity
core for the past 2500 vears (Fig. 3B), the
linal 100 yvears of the record clearly show the
strongest decrease in 55T (corresponding to an
mcrease in upwelling), which is larger and
more mpid than any other change m the
record, The period from 1965 w 1998 AD.
is particularly cold and is ~0.5°C colder than
the next coolest 35-vear period (1845 o 1880
AD) [mean SST anomaly from 1965 1w 1998
A.D. = -0.52% £ 005°C (SEM), n = 15, where
n 5 the number of alkenone S5T mnomaly
values for the given period; mean S5T anomaly

fromm 1845 10 1880 C.E. = 0.06° + 0.05°C
(SEM), # = 7).
The GeoB600R-1 alkenone SST record

also shows pronounced millennial-scale var-
iability during the past 2500 vears (Fig. 3B).
This variability is highlighted through recon-
struction of the long-lerm mode, based on the
Ind and 3rd quasi-periodic components
identified through singular spectrum analysis
of the GeoBo008-1 SST record (72) (1able
52). The reconstructed millennial mode for
CieoBO00K- 1 shows local S5T maxima at =600
and 1600 AD. and S5T mimmaat ~0 B.C/AD.
and 1150 A.D. (Fig. 3B). All of these exiremes
cormespond to inferred periods of wanming and
cooling in the Northem Hemisphere, the most
recent of which being the Medieval Warm
Period (MWP) and Lintle Iee Age (LIA) (/6)
(Fig. 3B).

The 6"C record of the benthic foramini-
fer U medirerranea (Fig. 3B) supports the age
model of our core and also suggesis the pres-
ence of anthropogenic CO5 for the most recemt
pant of the record (SOM text). Carbon isotope
vitlues substantially decrease with respect 1o
the past 2500 vears at the beginning of the
20th century. This decrcase reflects the so-called
“oecanic Suess effcet™: the oceanic uptake of
isotopically light COs released by the burning
of fossil fuels (/7)) (Fig. 3C). Recent estimaies
of the magnitude of the oceanic Suess effca
are between 0.7 and 0.9 per mil (%) up to the
carly 19905, for both tropical Atlantic and
Arctic Ocean surface waters (/8, [9). This
rmnge is consistent with the observed 20ih-
century decrease of ~0.8%. in the carbon iso-
topic composition of U medirerranea, The
presence of an anthropogenic signal in the
3'3C record confirms that the upper part of
the cores spans the 20th century, as suggested
by the 2'“I"'l:al-dm'm.‘t:z results. Furthemmore, the
strong covariance between 5"3C and alkenone
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SST records for the 20th century suggests
an influence of global warming on the tem-
pentture evolution and upwelling mtensity
at site GeoBo0ns.,

The rapid 20th-century cooling a1 Cape
Cihir also coincides with the rise in atmospher-
ic CO- (Fig. 3C) and likely reflects the in-
Muence of COy on the land-sca thermal
contrast in NW Africa and, in wrn, on the
alongshore winds driving the upwelling., Ac-
cording 1o the mechanism proposed by Bakun
(3 increased awmospheric CO; concentration
could lead to warmer surface air wmper-
alures (SATs) over land relative 1o those over
the ocean, particularly at nighttime when ra-
diative cooling 1s suppressed by the blocking
of ouwtgomg longwave radiation by CO4. The
mereased SAT deepens the thermal low-
pressure cell over land while a higher-pressure
center develops over the slower-warming
ocean waters, The winds blow clockwise
around the high and anticlockwise around
the continental low. The coast epresents the
boundary separating the two centers. There-
fore, along the coast. the wind is orented
alongshore and southward (equatorward),
which thus drives the upwelling and negative
SS5T anomalies.

The proposed mechanism is feasible 1o ex-
plain the increase i upwelling off Cape Ghir,
At seasonal-to-interannual time scales, the
pressure gradient between the coastal Atlamic
and NW African continental interior was found
to correlate with cooler NW African coastal
S5Ts and inercased upwelling (9). At decadal
time scales, analysis of global mean SAT
records from 1950 w0 1993 AD. shows an
increase in minimum  air temperatures and a
decrease in the divmal emperature range over
northem Alrica (20, which would facilitae an
increase in the land-sea pressure gradient. In
addition, during the laie 20th century, warmer
SATs over the Saharan landmass and Eurasian
continent were found to correlate with lower
mean  sea-level pressure over the Saharan
landmass (the Saharma Low) (2/). The Sahara
Low is expected to further decpen with in-
creased C05 (21, Deepening of the Sahara Low
could enhance the land-sca pressure dif-

ference, leading o further intensification of

upwelling,

Site GeoBoO0R could also be miluenced by
the Arctic Oscillation™North Atlantic Oscilla-
tion (AQNAQO) (22) through its impact on the
Acores High, However, the strong trend to
cooler Cape Ghir S5Ts and the overall weak-
o-nonexisient trend in the AONAO for much
of the 20th century (23) would suggest that the
AONAOD is not the dominant factor that in-
Tuences the upwelling,

The nomualized Cape Ghir SST anomaly
record, which includes the mpid temperaure
changes of the past century and the millennialscale
variability, covaries with Northem Hemisphere
temperature anomaly (NHTA) reconstructions

www.sciencemag.org SCIENCE VOL 315 2 FEBRUARY 2007

(24 2a), though with the opposite sign, show-
ing a reverse “hockey stick™ pattern (Fig. 3. B
and C, and table 52). For example, from 1450
to 1850 AD. (e, the extent of the LIA), rel-
ative warmith 1s observed in the GeoBo0OS SST
record when compared with relative cooling
in the NHTA records. The antiphased behay-
ior is an uncxpected result, given the large
regional vadability captured from different lo-
cations by the proxy records used in the NHTA
reconstructions as compared 1o the variability
ol alkenone SST record, which is a point-
recorded time series. The link, however, be-
tween NHTA reconstructions and upwelling could
come through the land-sea thermal contrast
proposed above. The millennial-scale, henu-
spherie temperature vanations could manifest
as a greater change in land SAT as compared 1o
SATs over the ocean, which may afTect land-
sca pressure gradients, alongshore winds, and
therelore upwelling.

Upwelling processes, in general, may be
sensitive o increased levels of CO5. Our results
ol intensificd 20th-century upwelling ofl” the

NW African coast also indicate a sensilivity of

upwelling to SAT. Other recent lindings show
increased 20th-century Arabian Sea upwelling,
which is atributed to global warming related
heating of the Eurasian landmass (5, 7). There
is also evidence for increased upwelling along
the Iberian margin (3, [5) and parts of the
California Curmrent and Peru-Chile Curren sys-
tems (3, 270 as a result of higher CO5 levels (3).
Given the apparent overall sensitivity of upwell-
ing during the 20th century 1o increases in
C0Oy and our paleo-results of a distinet up-
welling response 1o hemispheric-scale warm-
ing and cooling, these resuls sirongly imply
that upwelling may continue 1o imensify with
future increased levels of atmospheric CO5 and
global warming,

Upwelling regions. including Cape Ghir, show
extremely high levels of biological activity, vet
the ecosysiem response 1o upwelling in these

regions is dependant on a complex balance of

temperature, ocean chemistry, occan circulation,
and fishing pressure (6). Given the impornance
of these marine ceosvstems, our dependence
on these highly valuable fisheries, and the po-

tential role of upwelling in the drawdown of

atmospheric COs, further understanding ol cli-
mate feedbacks in upwelling regions and the
ceological and socioeconomic repercussions is
an imperative.
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Species Interactions Reverse
Grassland Responses to

Changing Climate

K. B. Suttle,**+ Meredith A. Thomsen,2 Mary E. Power®

Predictions of ecological response to climate change are based largely on direct climatic effects on
species. We show that, in a California grassland, species interactions strongly influence responses
to changing climate, overturning direct climatic effects within 5 years. We manipulated the
seasonality and intensity of rainfall over large, replicate plots in accordance with projections of
leading climate models and examined responses across several trophic levels. Changes in seasonal
water availability had pronounced effects on individual species, but as precipitation regimes were
sustained across years, feedbacks and species interactions overrode autecological responses to
water and reversed community trajectories. Conditions that sharply increased production and
diversity through 2 years caused simplification of the food web and deep reductions in consumer
abundance after 5 years. Changes in these natural grassland communities suggest a prominent role
for species interactions in ecosystem response to climate change.

mpacts ol recent chimate change on plants

and animals are already evident, as peograph-

ic distributions shilt poleward (f. 2) and
toward higher olevations (3, 4. phenological
events advance in time (5-7), and some specics
disappear allogether (8). With further climate
change still expected, prediction of fulure im-
pacts has become critical 1o conservation plan-
ning and management. To forecast ccological
change under continued climate waming, how-

‘Department of Integrative Biology, University of Califor-
nia, Berkeley, CA 94720, USA. “Department of Biology,
University of Wisconsin, La Crosse, W1 54601, USA

*Present address: Earth and Planetary Science, University
of California, Berkeley, CA 94720, USA.

tTo whom comespondence should be addressed. E-mail:
kbsuttle @socrates.berkeley.edu

ever, we need a better understanding of the
relative imponance of direct responses by indi-
vidual specics o climate versus responses medi-
ated by changing interactions with resources,
competitors, pathogens, or consumers (9-/4). We
imposed projected fulure precipitation regimes
over grassland in northem California o evaluate
the importance 10 ecosystem response ol direet
ellects on grassland species versus indireet el
lects ansing from species interactions.

Much of the California coastal region ex-
periences a Meditemrancan climate, charactenzed
by wet winters and long summer droughts. Eco-
logical responses 0 climate change in regions
with Mediterranean  ehimate regimes may  be
strongly doven by the redistnibution of water in
time and space (13). Changes in scasonal water

Fig. 1. (A) Bird's-eye view of experimental communities in July 2002, A
nearby road is visible as a gray strip, top right. Research described here
is from 18 open-grassland plots (18 additional plots were used in sep-
arate research). (B) Schematic representation of an experimental plot,
shown as partitioned for measurement of plant biomass (30 900-cm?
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availability that alfect plant phenology, for ex-
ample, could lead o temporal mismatch between
resource avatlability and consumer demand (/6),
which can have importamt effects on resource
Now and ecosystem lunctuon (7). General or-
culation models developed at the Hadley Centre
for Climate Predictuion and Rescarch (HadCM2)
and the Canadian Centre for Climate Modeling
and Analysis (CUM1) (/&) predict substantial
increases m precipitation over most of Califormia
but dilfer in the projected scasonality of these
increases. The Hadley model calls for all addi-
tional rain to fall during the cumrenm winter rainy
season, whereas the Canadian model mlli'..:;l,\
increased ramfall extending into the current sum-
mer drought, The discrepancy between the two
scenarios may be entical to the fate of grass-
land eccosystems m California, where summer
drought severely constrains plant growih and
the timing of rainfall is more important 1o an-
nual production and species composition than
the amount ([9-22),

In 2001, we began a large-scale ramfall ma-
nipulation in a northem Califomia grassland 1o
examine the consequences of these two projected
regimes Tor production and diversity ol grassland
plants and invenebrates, In a grassland at the
Angelo Coast Range Reserve in Mendocino County,
Califomia (39° 44° 177" N, 123° 3T 484" W),
18 circular 70-m” plots were subjected to one of
three watering trepiments: a winter addition of
water (January through March), a spring addi-
tion of water (Apnl through June), and an
unmanipulated ambient control (Fig. 1) Each
wiatered plot received about 44 em of sup-
plementary water over ambient ranfall per vear,
roughly a 20% merease over mean annual pre-
cipitation but within natural variability in both
amount and timing at the sidy site (g, $1). We

subplots, small squares), plant species richness (two 2500-cm’ subplots,
large squares), foliar and flying invertebrates (two perpendicular
sweep-net transects, dashed arrows), and ground-dwelling invertebrates
(two pitfall traps, circles) (not to scale). Detailed methods are available
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A Total Plant Biomass

B Nitrogen-Fixing Forbs € Annual Grasses
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D Non-Fixing Forbs
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Fig. 2. Watering treatment effects on (A} total plant biomass and (B to D) biomass of individual plant groups (note difference in scales). Data represent
treatment means = 1 SE. An asterisk denotes a statistically significant treatment difference after Bonferroni correction for multiple comparisons. See table 51

for factor significance.
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Fig. 3. Watering treatment effects on (A) plant species richness and (B) invertebrate family
richness. Data represent treatment means = 1 SE. Gray shading highlights the year that late
natural rainfall mirrored the spring-addition watering treatment. See tables S2 and 53 for
taxonomic listings of plant species and invertebrate families, respectively.

examined treatment efleets on plam produc-
tion and species composition over 3 consecutive
years and quantified responses of invencbrate
herbivores and their natuml enemics over 3
years (23),

Effects of increased minfall depended criti-
callv on the seasonality of the increase. Supple-
mental water addition during the wet winter
period produced moderate incrcases in plamt
production in some yvears of the siudy (Fig. 2).
but effects did not extend 1o higher trophic
levels (Figs. 3 and 43 In general, communitics
in winter-addition and ambicnt rainfall plots re-
sponded similardy across vears to annual vari-
ation in ranfall,

Extending the rainy scason via spring water
addmion produced much more dramatic changes
in the grassland community. Plant production
more than tripled in the first year and more than
doubled in the second compared with the control
{Fig. 2A). The strongest initial response was by
nittogen-lixing  forbs, whose production  in-
creased by nearly two orders of magnitude with
extended spring rainfall (Fig. 2B). Exotic annual
grsses showed a weaker response 1o the first
year of spnng water additon, but after the
proliferation of nitrogen-fixing forbs that year,
annual grass production rose dramatically (Fig.
2C) These grasses, so-called winter annuals
because they are the (it plants to germinate

each year and are among the carliest w complete

their life cyele and senesce, generally do not
respond 1o extensions ol the miny season be-
yvond April (22, 24). Early phenology thus lim-
ited the direct response of annual grasses o
extended rainfall but allowed these planis w
benelit in the subsequent growing season from
a fenilization effect afier decomposition of abun-
dant N-fixer liver (25-27). As this process
was repeated vear afier year, the accumulation
of annual grass litter suppressed germination
and regrowth of lealy forbs (Fig. 2D), as has
often been seen in Califomia annual grasslands
(26, 2830, and drove steep declines in plant
species richness (Fig. 3A).

Shifis in plant compostion in spring-addition
plots had important conscquences for bio-
diversity and food web structure. Indtially, ex-
tended minfall promoted increased plant species
richness (Fig. 3A), and this increase, coupled
with greater primary production and water avail-
ability, supported greater diversity and abun-
dance of invenebrate herbivores, predators, and
parasitoids (Figs, 3B and 4). As forbs were
climinmed from spring-addition plois by annual
grasses, however, plam species richness col-
lapsed o nearly hall that in control plots, With
carly-senescing annual grasses increasingly dom-
inating the resource base, food availability and
habitat quality for higher wophic levels dimin-

ished. This was especially true duning summer,
when late-blooming forbs provide a eritical food
resource Tor invericbrate herbivores (fig. 820, In
contrasl, annual grass hitter has low nutritional
value, and monocultures of these plants oller
less structural complexity than mixed grass-
forb assemblages.

By the fifth vear of the study, when heavy
rmins cominued into summer in a natorally ex-
tended rainy season throughout nonhem Califor-

nia, spring-addition plots stood out as islands of

low biodiversity and reduced consumer abun-
dances (Fig. 3B and 4). In addition to the nearly
S0% reduction in plant species richness in
spring-addition relative 1w comtrol plots, in-
verebrate richness was 20% lower, and herbi-
vore and predator abundances were cach nearly
S0% lower than ambient values measured in
control plots. This simplification ol the prass-
land community did not result from elimatic
conditions that were inherently unfavorable 1o
production and diversity. Specices at every rophic
level benefited swrongly from experimental ex-
tension of the miny season in spring-addition
plots early in the study, just as they did from a
natural extension of the miny season in winier-
addition and conirol plois late in the study. Bul as
aliered environmental conditions persisied across
yvears, individualistic responses by species o
climate were overshadowed by the lageed ellecs
of alterod community-level interactions. The con-
grucnee between mitial responses 1o artificial
cxtension in sprimg-addinon plots and responses
in the grassland as a whole o naturally lae rain-
fall in year 5 provides compelling evidence that
these mechanisms are real rather than experi-
miental artifacts.

Uncerainty remains in the projections of glob-
al climate models; indeed, the next-generation
Hadley model (HadCM3) forecasts decreased
rinfall over much of Califomia (3/). Yet under
any scenanio of future climate change, prediction
of ccological effects will require understanding the
weh of nteractions thin mediae species- through
ceosystem-level esponses (/4). To date, forecasts
of mnge shifls and extinction probabilities are
based largely on species-climate envelope models
(32-34), These models are powerdul initial wols
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Fig. 4. Watering treat- A Herbivores B Predators C Parasitoids

ment effects on abun-

dances (mean + SE) of * * * P=003| 20 1 P=0.03 & Ambienl
(A} invertebrate herbi- 200 30 v —o— Winter +
vores, (B) predators, and S I 15 1 ¥— Spring +
(C) parasitoids, as mea- 150 v 20 | N _;>§ . I

sured in sweep net and T P 4 10 4 b e O

g

pitfall trap collections.

Number in sample

&/{-’ = ‘::-_"2:‘_“"‘-

Gray shading highlights 50 o 10 5 4

responses in the final

year of the study, when 0 0 0

late natural rainfall mir- 2002 2004 2005 2002 2004 2005 2002 2004 2005

rored the spring-addition
watering treatment.

with which 1o explore conscquences ol alter-
native climate scenarios, but they cannot fore-
cast lageed impacts of aliered higher-order
interactions that will govern the trajectories of
ceosysiems under sustained climatic change.
Nonlinearities are expecied (rom the assembly
of new combinations of species brought io-
gether by climate-induced range shilis, but
these can also arise from environmental cffects
on the strength and direction of interspecific
mteractions without any change in specics com-
position (35, 36). The nature and scales of these
ellects are best revealed by long-term expen-
ments in natural field settings that improve un-
derstanding of how climate change impacts
propagate through cceological communities.
Indirect elfects of climate on specics will com-
monly lag behind direct effeats, but their impor-
tance makes system-level interactions crucial 1o
climate change forecasting even at subdecadal
time scales,
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An X Chromosome Gene, WTX,
Is Commonly Inactivated in

Wilms Tumor

Miguel N. Rivera,™** Woo Jae Kim,* Julie Wells, David R. Driscoll,* Brian W. Brannigan,*
Moonjoo Han,? James €. Kim,® Andrew P. Feinberg,® William L. Gerald,® Sara 0. Vargas,®
Lynda Chin,” A. John lafrate,” Daphne W. Bell,** Daniel A. Haber't

Wilms tumor is a pediatric kidney cancer associated with inactivation of the WT1 tumor-suppressor
gene in 5 to 10% of cases. Using a high-resolution screen for DNA copy-number alterations in
Wilms tumor, we identified somatic deletions targeting a previously uncharacterized gene on the X
chromosome, This gene, which we call WTX, is inactivated in approximately one-third of Wilms
tumors (15 of 51 tumors). Tumors with mutations in WTX lack WT1 mutations, and both genes share
a restricted tempaoral and spatial expression pattern in normal renal precursors. In contrast to
biallelic inactivation of autosomal tumor-suppressor genes, WTX is inactivated by a monoallelic
“single-hit” event targeting the single X chromosome in tumors from males and the active X

chromosome in tumaors from females.

ilms twmor (nephroblastoma) is the
most comumon pediatric kidney cancer
and is derived from plunipotent renal

precursors that produce undifferentiated  blaste-
mal cells, pamitive epithelial structures, and stro-

RY 2007 VOL 315 SCIENCE

mal components [reviewed i (/). In 1972,
Knudson and Strong proposcd that Wilms
tumaor, like retinoblastoma, may develop as a
consequence of two independent rate-limiting
genetic events, subsequently delined as biallelic
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mactivation of a tumor-suppressor gene (1)
This prediction was borne out by the identili-
cation of T, a zine finger transcription factor
gene on chromosome 1pl3 that 1s targeted by
germline heteroeygous deletions in the WAGR
syndrome ( Wilms tumor, aniridia, genitourinary
abnormalitics, and mental retardation), by
germline point mutations in the Denys-Drash
syndrome (Wilms tumor, pscudohermaph-
roditism, and nephropathy), and by somatic
biallelic mactivation in 3 1w 0% of sporadic

Wilms wmors (24 Ahhough inactivaton of

Wl affects only a small subset of cases, this
gene has been shown 1o encode a master reg-
ulator of Kidney development, which appears w
be required for the survival and subsequent
ditferentiation of renal stem cells (5, 6) Other
known abnomaliies m Wilms twmor include
activating mutations in the [-catenin gene
(CTNNBDY on chromosome 3p22, which olien
comeide with T mutations {7), and epigenctic
dysregulation of fGF2 and HI19 (8) at the
Beckwith-Wiedemann syndrome locus on chro-
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mosome |Ipl3 In the majority of cascs,
however, no specific genetic abnomalitics have
been identified.

To search lor genete abnomaliies i spo-
radic Wilms wmor, we performed a datailed
genome-wide scan (7T0-kb median resolution) for
DNA copy-number changes in 31 primary umor
spocimens using long-oligonucleotude amay com-
parative genomic hybndization (armay CGLH) (9).
In marked contrast W most adult epithelial can-
cers, the baseline CGH profile in Wilms wmor
was quite stable, with an avermge ofonly 3.1 large
{more than 5 mb) DNA copy-number changes
per wmor after accounting for known copy-
number polymorphisms (/1) f7). As expecled,

we detected single-copy losses in a subset of

cascs, mcluding known loc of loss of hetero-
2ygosity (LOH) at chromosomes 1p i 18%), 16g
(14%), Tp (6%), and Tp (4% (4, 12). LOH a
chromosome 1pl 5 1s coommonly associated with
gene conversion rather than single-copy loss and
15 therelore undemrepresented in our ammay CGH
analysis (/3). Notably, we detected small over-
lapping deletions at chromosome locus Xqll.1 in
wmors from 5 oul of 26 male patients. The
deletions involved only one to three probes in
ecach case. with a minimal area ol overlap
implicating a single previously unchamcierized
gene (FAMI23BFLIZOS2T) that we named
WrX, for “Wilms Tumor gene on the X
chromosome™ (Fig. 1. A and B). All deletions
wiere conlirmed by quantitative polymerase chain
regction (qPCR) of genomic DNA, including two
cases with deletion breakpoints internal o HTY
(Fig. 1C). Genomie deletions were also analyzed
by Muorescence i situ hybndesation (FISH)
(representative example in Fig. 1D).

The endogenous BT wanscript differed from
that predicted by database annotation in the 3 end
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and required assembly with the use of rapid am-
plitication of cDNA ends and reverse transcrip-
tasc (RT)-PCR from human and mouse cDNA
(fig. 51). The full-length transenpt (7.5 Kby en-
codes a protein of 1135 amino acids, containing
a nuclear localization signal, two coiled-coil
domains, an acidic domain that overlaps the first
colled coil, and a proline-rich domain (Fig. 2A).
WTY onhologs are present in vertebrates,
including zebrafish, but do not share substan-
tial homology with other genes of known func-
tion (fig. S2).

To scarch for imragenic point mutations,
w sequenced the entire coding region of ITX
in 82 Wilms wmor specimens, including the 51
cases proviously analveed by array CGLHL Intra-
zenic truncating mutations were idenufied n
six lumors, including one nonscnse mutation
l.-\l}__l'““—a'rcr. where Tor 15 the termmination of the
chain) observed m two independent cases (lable
1) All predicted proten truncations were N
tenmunal 1o the second coiled-conl domain en-
coded by WEY (Fig. 2A) A seventh case har-
bored a missense mutation (Lys*?—Asn®™™)
affecting an evolutionarily conserved residue.
Consistent with somatic events, WY mutations
were absent in matched normal tissue in all four
cases where such tissue was available (Fig, 2B)
(tahle S 1) Mutations identificd in cases withou
matched normal tissue were not deteeted in con-
trol DNA Trom 269 healthy individuals,

In contrast to the classical biallelic “two-hit”
Knudson maodel, the identification of somatic
mutations affecting an X chromosome gene in

sporadic Wilms tumor raises the possibility of

“one-hit” nactivation ol 4 [umo-suppressor
gene. This applics w0 the hemiyeous deletions
and point mutations detected in males and, given
that WTX is located in a chromosomal region

Fig. 1. ldentification of WTX deletions in Wilms
tumor, (A} Array CGH profile for a representative
WTX deletion in Xgll.l in a male patient All
probes on the X chromosome are shown. (B)
Minimal region of overlap for deletions targeting
WTX. Genes flanking WTX (arrows depict the
direction of transcription), array CGH probes
(squares), and a confirmatory qPCR marker (circle)
are shown. The boundaries of deletions detected in
five male Wilms tumor cases define a minimal
region of overlap centered on WTX (box). (C)
Quantitative PCR of genomic DNA from five male
Wilms tumors and one normal male kidney control,
with the use of primers for the 5" and 3" ends of
WTX. Tumors T13, T25, and T41 show complete
absence of WTX, whereas tumor T15 lacks only the
5 end and tumor T32 lacks only the 3" end of the
gene. Error bars indicate standard deviation. (D)
FISH analysis demonstrating a somatic deletion in a
male Wilms tumor (case 13) with the use of a probe
for WTX (red) and a probe for the X chromosome
centromere (green) as a control. The tumor lacks
the red WIX signal, whereas both signals are
present in matched normal tissue. Scale bars, 5 um.
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subject w0 X inactivation (/). it would also apply
to the heteroeygous mutations detected in fe-
miales i the active copy of the X chromosome 15
sclectively targeted. To test this hypothesis, we
used FISH analysis o scarch for heteroeygzous
WY deletions in female cases and to determine
whether they aflected the active or inactive X
chromosome. Heteroeygous WY deletions n
female cases were more reliably identified by
FISH, compared with the initial aray CGH
analysis, presumably because ol high signal-io-
noise ratios for single-copy changes involving a
small number of probes, Indeed, among 235 fe-
male Wilms tumor cases analveed, 6 showed de-
letion of one WTX allele, as assessed by FISH
with a probe for TN and control probes for the
X chromosome centromere and a ielomenc Xq
locus (able 51} (g, 83 To determme whether
these deletions targeted the active X chromosome
allele, we performed simultancous FISH analysis
for WX, the X chromosome centromere, and the
mactive X chromosome coating transcnpl Xisi
(13). In all four cases tested. the intact WTX gene
was present in the inactive X chromosome coated
by Xist. whereas no WX signal was detected in
the active X chromosome that lacked Xist hy-
bridization (Fig. 2C). Heteroeygous ITY dele-
tions in female Wilms wmors therefore target the

active X chromosome, leading 1o genc inac-
tivation by a single event,

We extended this analysis 1o an intragenic
mutation of WTX (Gl —Ter) in a female
Wilms tumor in which it was possible o compare
the nucleotide sequence of PCR products gen-
crated from genomic DNA or cDNA. Indecd,
although the mutation was heterozygous in ge-
nomic DNA, only the mutant sequence was de-
tected in the wmor-derved tanseripts, consistent
with monoallelic expression of the mutant copy
from the active X chromosome (Fig. 2D). Taken
together with the FISH analysis, these data in-
dicate that immgenic mutations and gross chro-
mosomal deletions of T occur at compamble
frequencics in male and female Wilms tumor
cases and that in females they exclusively target
the active X chromosome.

Overall, of 31 wmors tested for both gene-
copy altcrations and intragenic mutations, 11
(21.6%) had WTX deletions, and 4 (7.8%) had
pomt mutations (otal 15 out of 51, 29.4%) (1able
511 In these wmors, W77 mutations were de-
tected in three cases (5.9%) and [-catenin mu-
tations in four cases (7.8%) As expected (7),
there was overlap between T and [-catenin
mutations (two out of three cases with W mu-
tations). In contrast, no wmor with a deletion or

point mutation in Y contained mutations in
WTT or fecatenin (Fig. 2E) Whether inactivation
ol WTX defines a distinet subset of nephroblas-
toanas remaims o be imvestigated.

In contrast 1o other IWMO-SUPPICssOr 2enes,
T has a developmemally regulated pattem of
expression in the organ in which the wmor ariscs.
The reswicted expression of BT in renal blas-
temal stem cells and glomerular podocyte pre-
cursors is consistent with the presumed cell type
of origin of Wilms tumor and highlights the key
physiological role of W in nomal Kidney de-
velopment (/6). [n the mouse, WY expression is
relatively high in the neonatal brain and Kidney
and then declines substantially in the mature or-
gans (Fig. 3A) Lung and spleen also express
WX, but with a less notable developmental
profile. The temporal pattems of WY and WY
expression within the Kidney are virually iden-
tical, consistent with a wave of differentiation
that is ongoing at the time of binh and s come-
pleted by posmatal week 3 (Fig. 3B)L As assessed
by RNA in situ hybridization, W71 and WTYX
display a high, but not complete, degree of
overlap in expression in the kidney. Similar to
Wi, WIX is expressed in the condensing
metanephric mesenchyme and in early epithe-
lial structures that are precursors o glomeruli

A B ?;';*13 T58 (male) EB?E‘E? {male)  Fig. 2. Analysis of WTX mutations in Wilms tumor. (A) Schematic
o3 el representation of WIX and potential functional domains, including

Glu33dTer Arg358Ter Germling Germiine the nuclear lu-;ali;leatbln signal {INI.SJ. the two cqi[edvmlil_ domains
Lys292Asn 363 Ter | , (CC), and the proline-rich domain (PR). The relative positions of all
157Ter 561 Ter ALY ‘.. p/y  point mutations are shown. aa, amino acids. (B) Representative
Ty DL N ) nucleotide sequence tracings of a frame shift {left) and a nonsense

S e CCAABCOAA mutation (right) of WIX in male Wilms tumors and matching

Tumot Tumor germline tissue. Amrows indicate the position of the two

WTX I:!s !:! m-:] i il hemizygous mutations, 439 insertion T leading to 157Ter and a

substitution of T for C at position 1072, leading to Arg®**—Ter. (C)
Representative FISH analysis of a Wilms tumor from a female
e patient showing a deletion of the WTX allele on the active X
chromosome, Probes for the X centromere (blue), WTX (red), and
Aist (green) were used. Only one copy of WTX is present, associated

1 113583 [\ N fia.

C D e with the inactive (Xfst positive) X chromosome (Xi). The active X
e chromosome (Xa) is marked by the X centromere probe but lacks
Giid both WTX and Xist. The same pattern was observed in all tumor
¥ |\ cells, consistent with tumor clonality. Scale bar, 5 um. (D)
| .'ri' \A ﬂ‘ Sequence tracings of genomic DNA and cDNA from a female
AU AN YUY Wilms tumor case with a heterozygous WTX mutation. Both alleles
TAGEC AQIAAC A D are detectable in genomic DNA but only the mutant allele is
cDNA v present in cDNA, indicating that only the mutant WIX allele is
Ny N transcribed. (E} Schematic representation of Wilms tumor cases
; [\ UV ﬂ with mutations in WTX (red), WT1 (yellow), or [}-catenin (blue).
PAAY 1] Although WT1 and [i-catenin mutations can be present in the
TA.S A LMAE LD same tumor, there is no overlap between mutations in WTX and
mutations in these two genes. WTX mutations are listed in table
S1. WT1 and [S-catenin mutations are listed in table 52. Tumors
E Wilms tumors (n=82) 1 through 51 (underlined) were tested for both deletions and point
TumorlD 2 7 B 10131519242520323334 3637 39 41 405051 55 57 56657374 T 82 Mutations in WTX. The remaining tumors were tested for point
mutations only.
WTX
WT-1
B-catenin
————————————————————————
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(Fig. 3, C and D3). Thus, both genes are present
in the pluripotent cells that are the presumed
precursors o Wilms tumor,

Functional studies of TV and other genes
implicated in Wilms tumorigenesis have been
hampered by the absence of cither mouse tumor
models or experimentally manipulable Wilms
tumor cell lines. Thus, we ectopically expressed
WTX in cancer cell lines that have been used 1o
model WY function. In human embryonic
kidney (HEK) 293 cells and in U208 human
osteosarcoma cells, wransfection of T led 10 a
marked suppression of colony Tormation (Fig.
IE) Apoptosis was evident in HEK-293 cells 48
hours after ectopic expression of BTX (fig. 54},
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E Vector WTX
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v 8 g
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Studics in such heterologous cell tvpes point 1o
functional propertics consistent with a tumor
suppressor, but a more complete understanding
of protein function will require in vivo studics of
this developmentally regulated gene in the ap-
propriate cellular context (3, ),

Owr data suggest that T is a Wilms tumor
suppressor gene with a potentially important role
in normal Kidney development. In addition, the
localiztion of HTX on the X chromosome al-
lows for complete inactivation by one mutational
event targeting the single X allele in males or the
active X allele in females, N-linked familial syn-
dromes with increased cancer risk (/7-19)
preferentially affect males, In contrasy, 7Y is
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Fig. 3. Regulated expression of WTX. (A) qPCR quantitation of WTX mRNA in mouse neonatal and
adult tissues. (B} Comparison of the developmental time course of WT1 and WTX expression in
mouse postnatal kidneys. In (A) and (B), expression levels were normalized to glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) and displayed relative to neonatal kidneys. Error bars indicate
standard deviation. (€ and D) RMA in situ hybridization of human embryonic kidneys (week 13)
showing similar but not identical expression patterns of WTX and WT1, Condensing metanephric
mesenchyme (M} and glomerular precursors (G) are indicated. Scale bars, 250 pum. Insets are
higher-magnification images of the mesenchyme (M). 5Scale bars, 100 um. (E) Suppression of
colony formation after ectopic expression of WTX in HEK-293 cells and U205 cells. Cells were
cotransfected with a WTX expression plasmid {or empty vector) and a plasmid encoding a drug-
resistance marker (puromycin), Experiments were performed in triplicate and drug-resistant
colonies were stained after 2 weeks. Representative plates and mean colony numbers are shown

(+ standard error of the mean).
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frequently altered in sporadic tumors by a single
somatic event that affects both sexes oqually.
One-hit inactivation of a IWMOr-Ssuppressor gene
on the X chromosome is a departure from the
traditional biallelic Knudson model and has
been postulated but never documented (240, 21).
Although single-hit genc inactivation in Wilms
tumor could lead to greatly increased tumori-

genesis, its restriction to a limited pool of

pluripotent target cells within a specific develop-
mental window would mitigate this effect. As for
WX, high-resolution copy-number analysis and
direct sequencing may be required for the iden-
tification of other X chromosome tumor suppres-
sors subject o monoallelic mactivation, given
that they are not marked by the chamctenistic
secondary allehe loss (LOH)Y radinonally used
for mapping. Together with recently described X
chromosome abnormalities in a subset of breast
cancer (22), the frequency of single-hit gene
mactivation exemplified by WY suggests that X
chromosome genes may play unappreciated roles
m human cancer.
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The DEAD-Box RNA Helicase Dbp5
Functions in Translation Termination

Thomas Gross,* Anja SiEﬁlmann.l Dorotheé Sturm, Merle Windgassen,i* John ]. scarcelli,?
Matthias Seedorf,® Charles N. Cole,” Heike KrehberlT

In eukaryotes, termination of messenger RNA (mRNA) translation is mediated by the release factors
eRF1 and eRF3. Using Saccharomyces cerevisige as a model organism, we have identified a
member of the DEAD-box protein (DBP} family, the DEAD-box RNA helicase and mRNA export
factor Dbp5, as a player in translation termination. Dbp5 interacts genetically with both release
factors and the polyadenlyate-binding protein Pabl. A physical interaction was specifically
detected with eRF1. Moreover, we show that the helicase activity of Dbp5 is required for efficient
stop-codon recognition, and intact Dbp5 is essential for recruitment of eRF3 into termination
complexes. Therefore, Dbp5 controls the eRF3-eRF1 interaction and thus eRF3-mediated

downstream events,

EAD-box RNA helicases are found in
almost all organisms and  function in
many [undamental steps m the hife of

BNA molecules, manging [rom trnscriplion 1o
decay. They wse the energy lrom adenosine
triphosphate hydrolysis o rearrange RNA strue-
tlures or o dissociate RNAprodein complexes (1),
The DEAD-box helicase Dbps shuttles between
the nucleus and the evioplasm and is involved in
translocation of the mature mRNA/protein com-

plex into the cvtoplasm (2). Consistently, Dbp3 is
localized to the nuclear nm, where it interacts
with components ol the nuclear pore complex
(NPC) (2, 3) Dbp5 s also distributed within the
cyloplasm of yeast, higher cukarvotes, and huo-
man cells, but a eytoplasmic Tunetion has not vet
been defined (4-6),

To get insights into its cvtoplasmic lunction,
we used Seccharomioes cerevisiae 10 investigate
whether Dbp5 associates with mRNAs during

translation. Westem blot analysis of sucrose den-
sity fractionation expeniments revealed that, like
the polyadenylate-binding protein Pabl, sigmifi-
cant amounts of the extracted DbpS  (~60%,,
which equals ~40% of the wotal Dbp3) but ot off
Gidl (a nuclear pore associated factor) were
detectable in polysome-containing  fractions
(Fig. 1, A and B). The addiion of puromycm,
which speeilically disrupts polysomces, confirmed
that Dbpd co-sediments with polyribosome-
containing mRNAs (fig. S1). A potential role of
Dbpd in wanslation is supponed by the finding tha
dhp S e mutams are hypersensitive 1o trans-
Imional inhibitors (Fig. 1C) This effect is not due
to defects inmRNA expont, bocause rar?- 1, which
in contrast o dbpS displays strong mENA expon
defects even m 25°C (Fig. 1D), 5 not hyper-
sensitive 1o those mhibitors,
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Fig. 1. Dbp5 associates with polysomes during translation, and mutants are hypersensitive to
translational inhibitors. (A} Supernatants of cell extracts of log-phase wild-type cells, expressing
functionally green fluorescent protein (GFP)—tagged versions of GFDI, DBPS5, or PABI, were
fractionated through 15 to 50% sucrose gradients and subjected to Western blot analysis. Antibodies
to Rps3 detected endogenous ribosomal protein. Absorbance at 254 nm (0D, optical density} shows
the distribution of ribosomes, The ratio of the extracted proteins is shown as follows: amount of the
unbound proteins (left}) or mono- and polysome-bound proteins (right). (B} Quantification of at least
three independent experiments shown in (A). (C) Growth of wild-type (WT), rat?-1, rat8-2, and rat8-3
strains on yeast extract, peptone, and dextrose (YPD) medium with and without translational inhibitors
in 10-fold serial dilutions of similar cell numbers. (D) mRNA localization in log-phase wild-type, rat7-1,
and rat8 mutants at 25°C.
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Fig. 2. Genetic and physical interaction of DbpS/Rat8 with translation
termination factors. (A} Growth of all indicated double mutants carryinga 2u
URA3 vector encoding either DBPS or SUP35 SUP45 and all single mutants
carrying an empty vector was analyzed on —=URA- and 5'-fluoroorotic acid
(FOA)—containing plates that select for the loss of plasmid. (B) Immuno-

Fig. 3. Dbp5 is re-
quired for efficient stop
codon recognition. (A)
Readthrough activities
in wild-type, rat8-2, and
dhhIA are shown. All
strains carrying either of
the reporter constructs
were grown to log phase
and shifted to 37°C for
15 min before cell lysis.
|-galactosidase and lu-
ciferase activities were
measured and their ra-
tios were used to calcu-
late the relative molar
luciferase expression. (B}

b ]
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Suppression of the termination readthrough defects of mutations in eRF1 and eRF3 by
increased (Pgy;DBP5) DbpS level. All strains carrying the reporter construct and a DBPS
plasmid were treated as described in (A). The readthrough activity of all strains is shown. (C)
Catalysis activity of Dbp5 is required for sup45-2 suppression. The experiment was done as
described in (B), with active DbpS (PgaisDBP5) versus an inactive DEAD-box mutant
(Peadbps E2900) and Dhhl (Pga;DHHI). The results of at least 10 independent

experiments are shown.
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precipitation of functionally tagged versions [or the endogenous release factors
(see fig. 53)] of eRF1 (Supd5-GFF), eRF3 (Sup35-GFP), and Pabl-GFP with Myc-
tagged Dbp5. Total lysates were split and incubated with or without RNase, and
Dbp5-bound proteins were detected on Western blots with an antibody to GFP.
Endogenous Porl served as a negative control.
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Diflerent genetic approaches were camied
out o investigate in which phase of translation
Dbp3 might be acting. Dbps overcxpression
studies revealed that mutations in genes encod-
ing iniliation or clongation factors were nol
suppressed by high-copy DEPS, whercas mu-
tations in both of the cukaryotic release factors
cRFL(SUP4) and cRF3 (SUP3S), aswellas a
mutation in Pab 1, were specifically suppressed
(g, 52). Morcover, similarly 10 the synthetic
lethal effeet seen when both release-lactor mu-
tants (supd3-20 and supd5-2) are combined,
S drat® mutants are synthetically lethal with
mutant eRFI, and the growth of dhpiras
mutants is severely inhibited when combined
with mutant ¢RF3 or Pabl { pabl-33) (Fig,
2A), mdicatng a potential function of Dbp3
in translation termanation,

Translation termination s mediated by ree-
ognition of a stop codon via the transler RNA
(IRNA) - mumicking protein ¢RF1 and subse-
quent hydrolysis of the ester bond connecting
the polypeptide chain and the IRNA, stimulated
by the puanosine triphosphatase activity of
¢RF3. Although ¢RF3 is unable to promote in
vitro termination on its own, it enhances eRF]
activity (7). Direct interactions between Pabl
and eRF3 have been described in yeast, frog,
and mammalian cells (7, &), and overexpres-
sion of PABI in veast suppresses ellfects
associated with mutant ¢RF3 in vivo, sug-
aesting a functionally imponant interaction of
these proteins for termination (9), possibly as
bridging lactors to channel the terminating
ribosomes back 1o the 5" end of an mRNA (8).
To get insights into how Dbp3 might contact
the termination machinery, we performed co-
immunoprecipitation experiments that revealed

a stable interaction between Dbp3 and ¢RFI
(Fig. 2B and fig. S3B). In contrast, no in-
teraction between Dbps and ¢RF3 was found,
whereas an interaction between Pabl and Dbps
was nbonuclease (RNasc)-sensitive, indicating
concument binding of DbpS and Pabl o the
same mRNA but no simullancous presence of
Dbp5 and eRF3.

To demonstrate an active role of Dbp3 in
translation termination, we assaved the stop co-
don recognition under different conditions, First,
we showed that like eRF1 and eRF3 mutants,
dhpSiary mutant cells show increased termi-
nation readthrough activity in luciferase dual-
reporter assays (Fig, 3), The assay is based on
compared expression of f-galactosidase and
luciferase open reading frames, separated by a
stem loop or a stop codon (fig. S4A), which
allows us 1o compare the frequency of tmns-
lational readthrough in different strain back-
grounds (/). In agreement with previous
results, we found a basal readthrough activity
of =15 1o 17% in wild-type cells (1 0). Although
mutant dhpS did not influence readthrough
activities in the presence of the stem loop,
Dbp3s was clearly required lor efficient recog-
nition of the ermination codon, in contrast 1o
Dhhl (Fig. 3A). Dhhl is another DEAD-box
RNA helicase family member, which has been
implicated in connecting translation o mRNA
degradation, because it can acl as a trans-
lational repressor and an activator of mRNA
decapping (/7). However, in contrast to obps
(Fig. 2A), no genctic interaction between
dfd A and any of the ermination-factor mu-
tants was detected (fig. S4C). The rate of read-
through in dfyed mutant cells was very similar
1o that seen with a mutation in eRF3 (Fig. 3B).

The termination readthrough defects in cRFI
and ¢RF3 mutants were fully suppressed in
the presence of high-copy Dbp5 but not Dhhl
(Fig. 3, B and C). This was confirmed in a dif-
ferent assay, in which the decreased trans-
lational fidelity of cither defective release
factor, reflected by decreased growth rates
the presence of paromomycin, was citiciently
suppressed by high-copy DBPS (fig. S4B).
Morcover, catalytic RNA helicase activity of
Dbp3 is required for this suppression, because a
mutation in its DEAD-box (Glu**"—Gln™")
prevented suppression (Fig. 3C),

Besides functioning as an cRF 1-stimulating
protein, ¢REF3 is a key mediator that transmits the
tenmination signal to mRNA decay (7). The RNA
helicase Upfl (human RENT1 or HUPF1) is
involved in the nonsense-mediated decay (NMD)
of aberrant mRNAs, and deletion of UPF] leads
i an increased termination readilwough (/2).
Although Upf1 and its interacting proteins Up(2
and Upl3 are capable of binding to ¢RF3, it is
hypothesized that Pabl competes for this inter-
action and thereby precludes the binding and
destabilizing activitics of these NMD factors at
nommal lemminators, supporting a role for Upfl in
coupling premature temmination events o NMD
rather than a function in regular translation (/2).
To investigate a potential involvement of Dhps
in NMD, we tested whether mutations in
DEPS stabilize NMD substrates and found
that this is not the case, in contrast W upffA
(Mg, S5A). Also, neither genetic interactions
between dbpd mutants and wpf?, upf2, or upf3
deletion stmins, nor genetic interactions be-
tween wpf i A and cither ¢RF1 or ¢RF3 mutants,
were detectable (fig. 85, B and C), in contrast
to the synthetic growih defects detected be-

A B Tagged oRFs
Ratio WT rams-2 (dbps)
T Lysate Bound Lysale Bound
Aps3 2 7m AMase - - + - -
DbpS 35 | 65  eRFWSupS
eRAF1/5upd5 41 | 58 eRF1/Supds
eAF3/Sup3s 48 | 52 Port 1 | -
8.2 5) Endogenous eRFs
WT k-2 (dbps) ratB-3 jdbp5) upl14
.Mlﬂ?: Lysate Bound Lysaw Bound Lysate PBound Lysate Roynd
Aps3 RMasae - - - - - - . . - . - .
s a2 - JHNHNENNNEREEN
aRF1/Supd5 43 | 52

oRF/Supas

Fig. 4. Active Dbpb5 is required for the incorporation of eRF3 into translation
termination complexes. (A) Sucrose fractionation experiments (with 15 to
50% sucrose gradients) of log-phase wild-type and rat8-2 strains shifted to
37°C for 20 min were perfermed, and Western blot detection of TAP-tagged
5UP35, SUP45, and GFP-DBP5S or GFP-rai8-2, respectively, and Rps3 is
shown in wild-type (upper panel) and rat8-2 (lower panel) cells. The ratio of
the extracted proteins is shown as follows: amount of the unbound proteins
(left) or mono- and polysome-bound proteins (right). (B) Top: Sup35-TAP
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purification from log-phase wild-type and rat8-2 cells expressing SUP45-GFP
shifted to 37°Cfor 20 min prior to lysis is shown as total lysates and purified
proteins (bound) after incubation with protein A for 3 hours with or without
RNase, Sup45-GFP and Porl (negative control) were detected with antibodies
to GFP and Porl, respectively. Bottom: Immunoprecipitations of endogenous
eRF1 from wild-type, upflA, rat8-2, and rat8-3 cells treated as described
above are shown. The presence of endogenous eRF3 and Fechl (negative
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tween offypSard and either release-factor mu-
tant (Fig. 2A ). Further, the rcadthrough defects
of dbpidard and cither wpf mutant are not
additive (fig. S5D). Together, these findings
suggest a general lunction tor Dbp3d i trans-
lation termination and suppon an exclusive
function for Upll an NMD substrates,

To gain mechanistic insights into the function
of Dbp3 during translation wenmination, we coms-
pared polyvsomes of rard-2 1o those of the wild-
type and found that rerd-2 is delective in the
recruitment of ¢RF3 ino termination complexes
(Fig. 4A). In a wild-type stmin, roughly 60% of
extracted Dbp3, ¢RFL, and ¢RF3 is nbosome-
associated. In contrast, ¢RF3 is almost absent
from the nbosomal fracuons (12%) m rad-2
cells ot the nonpermissive temperature, whercas
approximately 35% ol both Dbp3 and ¢RF1 re-
mained polysome-associated. indicating that
mtact Dbp3 is required for ¢RF3 entry into the
termination complexes. The corresponding
rRNA profiles revealed an elevated monosome
peak in rar8-2 cells (resuling in three mono-
some fractions in the Westem blot) as compared
to the wild-type (two [ractions) or rar7-4,
reflecting the influence of Dbps on translation
(fig. S6). The defect of the dhpS/irai¥-mutant
in ¢RF3 recruitment was further confirmed by

analysis of the interaction between e¢RFI and
¢RF3 (/7). which was compleiely lost in
dbp e mutant cells, in contrast 1o wild-
type or upfl A strains (Fig. 48).

Together our data reveal a requirement for
functional Dbp3 for the entry of ¢RF3 into ter-
mination complexes and support the following
model. Onee the nbosome has reached a ter-
mination codon, ¢RFIl is recruited to the
mBNA, possibly by Dbp3. The RNA helicase
activity of Dbp5 might remodel the mRNA
protein complex 10 allow proper ¢RF1 posi-
tioning on the stop codon and thus an efficient
temmination reaction. Subsequent dissociation

of Dbps from ¢RF1 is followed by the entry of

cRF3 imo the complex, which promotes the
release of the peptide chain and allows ¢RF3-
mediated downstream events. Thus, Dbp3 s
involved in translation termination through s
interaction with ¢RF1, and it controls the sub-
sequent ¢RFL-cRF3Y mteraction through s
dissociation from eRF1.
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Yeast Rtt109 Promotes Genome
Stability by Acetylating Histone

H3 on Lysine 56

Robert Driscell, Amanda Hudson, Stephen P, Jackson®

Posttranslational modifications of the histone octamer play important roles in regulating
responses to DNA damage. Here, we reveal that Saccharomyces cerevisiae Rtt109p promotes
genome stability and resistance to DNA-damaging agents, and that it does this by functionally
cooperating with the histone chaperone Asflp to maintain normal chromatin structure,
Furthermare, we show that, as for Asflp, Rtt109p is required for histone H3 acetylation on
lysine 56 (K56) in vivo. Moreover, we show that Rit109p directly catalyzes this maodification in vitro
in a manner that is stimulated by Asflp. These data establish Rtt109p as a member of a new
class of histone acetyltransferases and show that its actions are critical for cell survival in the

presence of DNA damage during 5 phase.

ceulation of retrotmnsposition (RTT) by
R-ﬂln: Saccharonvees cerevisiae Tyl trans-

poson is intimaicly linked w0 the DNA-
damage response (DDR), as many proicins are
known to play roles in both pathwavs (/). We
therefore reasoned that uncharactenzed RTT
genes might represent novel DDR factors. Al-
though RTTH09 has not been characterized
in dewil, 1 was previously linked w the DDR
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through genomewide studics systematically iden-
tifving mutams required for resistance o ge-
notoxic agenis (2, 3). To further characterize
Ritl09p, we generated a deletion mutant (iable
S1) and examined its sensitivities 1o a wider
range of DNA-damaging agents. We found that
At IOYA mutants were hypersensitive 1o agents
that generate replication stress (Fig, 1A, top). We
also observed hypersensitivity of rr /094 cells 10
continuous growth on plates containing phlco-
mycin, an jonizing mdiation (IR) mimetic that
induces DNA doublestrand  breaks (DSBs).
However, ritf09A cells were not markedly hy-
persensitive w0 acute IR tretment (Figo 1A).
Chronic DSB induction by phleomyein impinges

on S-phase repair pathways, whereas most cells
in an swsynchronous culure, when subjectad 1o
acute IR treatment, arrest ecll evele progression
and repair the DNA damage in G, (4). Together,
these results suggest a role for Rul(fp in DNA
damage tolerinee dunng 5 phase.

In addition 1o displaying DNA-damage hy-
persensitivity, we observed that mrfOUA cells

were slow growing. Flow cviometric analysis of

an asynchronous e (WA culiure revealed a high
proportion of cells in the Ga-M siage of the cell
cvele (Fig. 1B). Furthermore, the DNA contem
profile for rud 9A cells was much broader than
for the wild wtpe, revealing that cell growih
continued despiie slowed cell cyele progression.
Cells lacking both RTTI09 and MEC! (which
encodes the central DNA-damage checkpoint
kinase) had a budding index equivalent to that
of the wild-type strain (g, 51), which mdicates
that the alicred cell evele profile of rif09A cells
reflects activation of the DNA-damage check-

point. This was confirmed by the presence of

partially phosphorviated DDR effecior Kinase
Rad33p in rud09A cells, indicative ol chronic
checkpoint activation (Fig, 1C).

Ouantificatnon of DSBs can be used 1o assess
the presence of DNA damage in yeast cells (3, ).
Strkingly, we found that Rad32-YFP foci
markers of DSBs—occur a1t much higher fre-
quencics i e f09A cells than in wild-tvpe cells
iFig. 1Dy Very few foc were seen in wild-vpe
celk and unbudded e fO9A cells, wheneas they
occurred in around 4004 and 75% of small-budded
and large-budded rd09A cells, comesponding 10 S
and Gz cells, respectively, These data therefore
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indicate increased  spontancously  ansing DINA
damage in cells lacking Rulttp, and suggest that
such danmge largely anses dunng S phase. To ex-
amune the ellects of this DNA damage on genome
stability, we measured rmtes of gross chromosomal
reamangements (GCRs) (7L Thus, we found that
RITHY deleton imercased GCR mtes about
ninclold compared with wild-type cells (Fig. 1E)
As a lurther wst for genome nstability in el 09A
cells, we used a system 1o measure spontancous
recombination between tandem direct repeats (4).
This revealed that RITIOY deletion vields a
moderate hyperrecombination phenotype, similas
to that exhibited by an ses/A hyperecombination
mutant (Fig. 1F). These data indicate that s/ 094
mutants display mereased genomic instability, pos-
sibly a5 a consequence of spontancously ansing
DNA damage and, furthermore, sugaest that this
reflects defects in responding to and/or repairing
DNA damage ansing duning S phase,

We noted that the phenotvpes of ritf9A
strins were simular o those reponted for strns
lacking the histone chaperone Asllp (Y, f0)
and that large-scale genetic network analyses
had revealed that the genctic interaction pro-
file of RTTIY is highly similar to that of ASF/
(14, 120, which suggests they might act within the
same pathway. Indeed, we found that the /094

asfIA double mutant wis no more sensitive 1o
hydroxyurca (HU) or methy -methancsulfonate
(MMS) than enther single mutant (Fig. 2A). Al-
though Astlp stimulates histone deposiiion by
the CAF-1 chromaun assembly complex in vi-
tro (13, it also acts in a distinet and/or partially
overlapping role i providing resistance w0 DNA-
damaging agents (/41 To address whether Bul 0%
also acts synergistically with CAF-1, we com-

bined the RTTIO9 deletion with a disuption of

CACL which encodes a CAF-1 subunit. As for
asf 1A coclA cells, vl 9A cacld cells were
more sensitive o HU or MMS than the single-
mutant strins. Furthermore, At/ WA asfl A caclA
cells were o more sensitive than el YA cacf A
cells (Fig. 2A) From these data, we conclude that
Rult®p acts i the same pathway as Asflp n
providing resistance o DNA-damagmg agenls
Ciiven the reported role of Asflp in promot-
ing nucleosome assembly (4, 13), we also an-
alyazed the superbelical density of the 2p plasnud
m e 9A cells. RITIOY deletion caused a shali
in the distnbution ol 2p wposomers, which m-
dicated inereased supercoiling compared with
wild-type cells (Fig. 2B). Furthermore, a similar
change in topoisomer distribution was caused by
ASFT delation, and no further change was soen
in an asfIA rrf09A double-mutant strain. These

results therelore indicate that Rulo9p and Asflp
act together in governing chromatin structure,

The DNA-damage hypersensitivity and slow
growth of asffA cdls are associated with loss of
acctylation on histone H3 lysine 56 (H3-K56)
(15}, but it has hitherto been unclear why K36
acctylation is absent in asfTA cells or which his-
tone accty imnsferase (HAT) s responsible for
acetylating this residue (/6). Because of the epi-
satic relation between Asflp and Rult®p, we
examined histone H3-K56 acetylation in s (9A
cells and found an absence of deteciable K36
acetvlation (Fig. 3A). Alhough cither 8T
deletion or muation of histone H3-K36 10 argimine
resulied in hypersersitivity toward HU, the double
mutant was no more sensitve than the single
mutants (Fiz. 3B). Growth curves also reveaked an
epstatic welation between the two mutants {l. 82),
which indicates that the growth defeat of i fl09A
cells is due 10 Joss of H3-KS6 acetvlation.

We reasoned that Rul0% could ather facl-
iate K56 acetylation or prevent K56 deacetyla-
tion by the known lustone H3-K56 deacetylases
Hs3p/Hstdp (17, 18). We found that, despite ¢le-
vated K36 acetvlation in the absence of Hst3p
and Hsidp, K56 acetylation was undetectable
in a fst3A S A e T0OA triple-mutant sirain
(Fig. 3C}), which suggested that Rul09% acts

WT rit109A
A E L
YPAD 0.01% MMS 200mM HU  3pg/ul CPT
g ®®® iC
sy ® @ &
rad52A Cc
YPAD 1 g/l 2 pg/ul 200 Gy IR Rad53p-P |
phleomycin phleomycin Rad53p —»
= D E s
£ 80 5 o
3 Jwr & .| =
L 50 [ rt109A = 2
£y e ®
% . s % :
40 - =
& 4 g 24 2
i =
20 5
E 3 11 £
® 0. —_—= = 0 — g
= none small large WT 1092  sgsiA e WT rit108A sgs1A
Bud size

Fig. 1. ntt109A cells display hypersensitivity to DMNA-damaging agents,
DNA-damage checkpoint activation, and genomic instability. (A} Serial
dilutions (10-fald) of the indicated mutants were spotted on yeast extract—
peptone—dextrose medium with adenine (YPAD) alone or on YPAD con-
taining the indicated drug (see text). (B} The DNA content of asynchronous
cultures of wild-type (WT) and #1094 strains was determined by flow
cytometric analysis. (C) Electrophoretic mobility of Rad53p was analyzed in
extracts from asynchronous cultures of wild-type (WT), rit1094, and asfl1A cells,
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and WT and 1094 cells treated with phleomycin for 1 hour, (D} Cells
displaying Rad52—yellow fluorescent protein (YFP) fod as a function of cell
cycle position determined by bud size; the mean and standard deviation of two
independent experiments are shown. (E) GCR frequency was measured for the
indicated strains (7); the mean and standard deviation of three fluctuation tests
are shown. (F} Recombination frequencies were measured in the indicated
strains with a direct repeat recombination assay (8); the mean and standard
deviation of three fluctuation tests are shown.
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Fig. 2. Effects of RITI09, ASF1, and CACI A WT .. ‘ Y

disruption on DNA damage sensitivity and 2u
plasmid supercoiling. (A} Serial dilutions (10-

fold) of the indicated strains were plated on astta X )

YPAD or YPAD containing HU or MMS. (B) DNA
isolated from the indicated strains was electro- cacti
phoresed on an agarose gel containing chloro-
quine. {Left) Superhelical density of the 2u
plasmid was analyzed by Southern blotting and rit108A cacTa
hybridization with a radioactively labeled
probe. (Right) Topoisomers were quantified by
densitometric tracing.
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Fig. 3. Rtt109p is needed for histone H3-KS6 acetylation in vivo. (A)
Western blot analysis of whole-cell extracts isolated from the indicated
strains was performed with antibodies specific for histone H3 or histone H3
acetylated on K56 (H3-K56 Ac). (B} Serial dilutions (10-fold) of the
indicated strains were plated on YPAD or YPAD containing HU. (€} Whole-
cell extracts from the indicated strains were probed with antibodies for
histone H3 and histone H3-K56 Ac. (D) Serial dilutions (10-fold) of the
indicated strains were plated on YPAD at the indicated temperature. (E)
{Right} A strain expressing a hemagglutinin (HA}Mtagged version of Rit10%p
was amested in Gy with c-factor and released. Samples were taken at the
indicated times for fluorescence-activated cell sorting (FACS). (Left) Western
analysis was performed, probing for the indicated proteins with Pgklp and
histone H3 as loading controls and Clb2p as a Gz-M marker.
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Fig. 4. Ritl09p displays histone acetyltransferase activity in vitro. (A)
[PH)Acetyl-CoA was incubated with histone octamers, bovine serum albumin
(BSA), Rit109p, or Asflp as indicated. The *H counts were measured: the mean
and standard deviation from six independent experiments are shown. (B) Half
the reaction mixture from {(A) was electrophoresed on an SD5-polyacrylamide gel,

o promote H3-K56 acetyvlation. Consisient with
these lindings and as reported for ASF! de-
letion (/7), we observed that RTT104 deletion
suppressad the wemperture-sensitive growth defect
of a hs3A fsrdA sirain (Fig. 3D). Funthenmone,
because H3-K56 acewlation shows ecdl cyele con-
trol (9, we examined RilO8p expression dunng
cell evele progression. Thus, we found  that
Ral(8p levels peak just before maximal K356 acet-
ylaion (Fig. 3E), as would be expocied if Rul0tp
15 required for gencrating this modification,

To examine whether and how Rl (8p might
mediate H3-K36 acetylation, we expressed and
purified recombinant Rul(®p and Asflp. His-
tone acetylation assayvs revealed that, although
histone H3 acetylation took place with Rul09p
alone, this activity was enhanced in the presence
of Asflp (Fig. 4A) Automdiographic analysis
of the reactions also revealed that Rul09p auto-
acetylates and weakly acctylates Astlp, but not
bovine scrum albumin (Fig. 4B). Morcover,
Westem  immunoblots of acetvlation reactions
probed with an antibody directed against acety-
lated H3-K36 mevealed thm Asllp markedly
stimulates the ability of Rul09p w acetylaie this
site (Fig. 4C). This finding indicates that Asflp
govermns the substrate specilicity of Rit109p,
Because we have been unable 1o obtain
evidence for a physical interaction between
Asflp and Rult89p, we currently favor a model
wherehy an AsCp-H3H4 complex provides the
optimal substrate for H3 acetylation by R 109,

2 FEBRUARY 2007

against H3-K56 Ac.

Taken twogether, our findings reveal that 5
cerevisiae Rul09p is the predominant HAT for
histone H3-K56 in vivo and that this acetylation
plays a critical role or roles in confeming resist-
ance to spontancously ansing or experimentally
induced DNA damage or replication stress, No-
tably, although the puative acetyl-CoA-binding
sites of various previously known acetyliransfer-
ascs display some sequence homologics with
one another (20, we have not Tound signilficant
homologics between these and Rul09p. This
raises the possibility that Rul0%p evolved cam-
Ivtic activity independently of other known
HATs and highlights the prospect of there being
funher as-yet-uncharacienzed acatyliransiormses
that have not come to light through sequence
analyses, Finally, our findings provide a mech-
anism for how Asfl promotes histone H3 acety-
lation and thereby mfluences chromatin structure
and genome stabaliy.
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Rtt109 Acetylates Histone H3 Lysine 56
and Functions in DNA Replication

Junhong Han,* Hui Zhou,* Bruce Horazdovsky," Kangling Zhang,*

Rui-Ming Xu,® Zhiguo Zhang*

Acetylation of histone H3 lysine 56 (H3-K56) occurs in 5 phase, and cells lacking H3-K56
acetylation are sensitive to DNA-damaging agents. However, the histone acetyltransferase (HAT)
that catalyzes global H3-K56 acetylation has not been found. Here we show that regulation of Tyl
transposition gene product 109 (Rit109) is an H3-K5& HAT, Cells lacking Rtt109 or expressing
rit109 mutants with alterations at a conserved aspartate residue lose H3-K56 acetylation and
exhibit increased sensitivity toward genotoxic agents, as well as elevated levels of spontanecus
chromosome breaks. Thus, Rtt109, which shares no sequence homology with any other known

HATs, is a unique HAT that acetylates H3-K56.

uclcosomes are the basic repeat structure
Nul' cukaryotic chromatin, cach consist-

mg of =146 base pairs of DNA wrapped
around a histone octamer (/). Many diverse eel-
lular functions are regulated through the modula-
tion of nucleosome structure, and posttranslational
modifications of core histones are key 1o this
modulation {2-4). Indeed, histone modilica-
tions are known o play an imporant role in

trnscriptional regulation, However, the role of

histone modifications in DNA replication is not
well studied (5). Acewvlation of lysine 56 on
histone H3 (H3-K56) has been implicated in
regulating replication, becanse H3-K56 15 tran-
siently acetvlated dunng S phase. In addition,
cells with alterations in H3-K56 acetylation dis-
play inercased sensitivity toward cenain DNA-
damaging agents (6-10). Histone deacetylases
responsible for deacetvlating H3-K36 have re-
cently been discovered (Hsi3 and Hsid) (74, 12),
but the histone acetylirnsferase (HAT) that glob-
ally acetylaes H3-K356 has not been found (8).
To identify the H3-K56 HAT, we screencd
4700 viable veast deletion mutants for their
effect on H3-K56 acetvlation using antibodics
that specilically recognize acetvlated H3-K56
(1) (H3-K36Ac: Fig. 1A, top). From this
screening procedure, two genes were identified
that, when deleted, abolished H3-K 56 acetyla-
tion: ASF! and RTTIOW (Fig. 1A). Westem
blot analysis of whole-cell extracts prepared
from the asfiA and e/ 09A mutant stmins
{table S1) confirmed that deletion of ASFT or
RITI09 abolishes H3-K56 accivlation. As a
control, methylation of H3 lysine 79 was
unalfected (Fig. 1B). Others have also recently

'Department of Biochemistry and Molecular Biology, Maye
Clinic College of Medicine, 200 First Street SW, Rochester,
MN 55905, USA. *Mass Specrometry Facility, University of
California at Riverside, Riverside, CA 92521, USA. *Struc-
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medicine and Depariment of Pharmacology, New York
University Schoal of Medicine, 540 First Avenue, New York,
NY 10016, USA,

*To whomn correspondence should be addressed. E-mail:
Zhang. Zhiguo@mayoe.edu

shown that mutation of Asfl abolishes acetyla-
tion of H3-K36 (1, /13). However, Asfl is a
histone chaperone and docs not appear to have
mirinsic HAT actvity (14).

RTT109 was originally identified in a genetic
screen lor regulators of transposition ol the
yeast retrotransposon Tyl (J5). but s biochem-
ical lunction remained unknown. Therefore, we
tested whether recombinant Rul09 had HAT
activity toward H3-K56. Purified recombinant
Rul09 was incubated with H3/ 4 tetramers in
the presence of ['H]acetylcoenzvme A (acetyl-
CoA), and the incomporation ul']iili:luutuh: into
proteins wis analyzed. Indeed, Rul09 incorpo-
rated [*Hjacetate into proteins (Fig. 2A) and did
50 In a concenration-dependent nanner (g S1).
Furthermore, Rul09 acetylated nsell” and HA3-
K56, but not H4 (Fig. 2, B and C). in vitro.
Similar o recombinam Rulofd, Rul089 punticd
from yeast cells also acetylated H3-K56 (Fig. 2D
and fig. S2). Thus, Ril0Y, both in recombinant
form and as a complex purified (rom veast cells,
exhibits. HAT activity toward H3-K56, but not
H4, in vitro,

Analysis of the amino acid sequence of Rl
did not reveal homology to the catalvtic domain
of any known HATs. Canonical HATs such as
Gend and Esal use a glotamate residue con-
served in oeach HAT family to deprotonate ly-
sines before acety lation (/6). We reasoned that
R l09 may use a negatively charged residue for
catalysis i a sumilar manner, Thus, we made 11
site-specific pi/09 mutants by replacing aspar-
tane (D) and glutamate (E) residues with alanines
(A (g, 83) and tesied their effects on H3-K36
accivlation in yeast cells. Nine of these mutants
had little effect on H3-K36 acetvlation (fig. S4),
but two, D824 and DD28T 28844, resulted in
the loss of H3-K56 acetylation in veast cells
{Fig. 2E). Each of these three aspanate residues
was then mutated to asparagine (N). The DSON
mutant cells lost HI-K36 acewvlation, and the
DD2XT 288NN mutant cells exhibited a signif-
icant reduction in H3-K36 acetvlation, whercas
the D287N and D258N mutants had linle ef-
fect (Fig. 2E). Consistent with the effect of these
mutants on H3-K56 acetylation in yeast cells, in

REPORTS

vitro HAT assays revealed that the Rul0% mu-
tant proteins DROA, DRIN, and DD2RT 288AA
lost the ability 1o acetylate H3, whercas the
Rul09 mutant DD28T 288NN exhibned a ne-
duced level of HAT activity, and the single mu-
tants D28TN and D288N had similar levels
of activity compared with wild-type cnzyme
{Fig. 2, F and G). The inability of Rul0% mu-
tants 1o acctylae H3 was not likely due 1o dis-
ruption of the overall structure of the mutant
proteins, because these Rul09 mutanms stll bound
VpsT5, a known Rul(8-interacting protein (/7)
iFig. 2H). These resulis demonstrate that D89 is
cssential for the FIAT activity, whereas D287
and D8R are not essential, but contnbute 1o this
activity, DS9 may scrve as the deprotonation
residue, and D287 and D28E may serve other
fmections such as binding o lustones andlor
acetyl-CoA, All of these aspartate residucs are
conserved among the Rul09 family members
ifig. 83}

Yeast cells exprossing mutants lackg H3-
K56 acetylation (K36A, KS6R) display increasad
sensitivity toward DNA-damaging agents (6, 8).
including camptothecin (CPT), hydroxyurea (HLU ),
and methyl-methanesulfonate (MMS) (/6). There-

@ HI-KESA

A e 0 0 cwsxssa w1 @
"r  D— ]

< riffoRa

e ® <mm * <asfia
e e o°
PonS H3-K58A¢ blot
B 33,
RER
£E = a

H3
H3-K56Ac h :
Ho KTome |

PCNA

— e e S—
w F.

Fig. 1. (A} Rtt109 and Asfl are required for H3-
K56 acetylation. The total amount of protein from
yeast cell extracts was revealed by Ponceau S
staining (Pon S, left panel) and H3-K56 acetylation
was detected by Western blot with antibodies that
recognize H3 acetylated at lysine 56 (H3-K56Ac,
right panel). Membrane regions surrounding the
spots corresponding to H3-K584, rtt109A, asf1A
(arrowheads), and wild-type (WT) cells are shown.
(B) Acetylation of H3-K56 is not detected in H3-
K564, rtt1094, and asfIA mutant cells. Western
blot was performed to examine whole-cell extracts
from cells as shown, with antibodies against his-
tone H3 (H3), H3-K56Ac, H3 methylated at lysine
79 (H3-K79me), and PCNA.
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fore, the sensitivity of rid (WA cells and ru 09
site=specilic mutant cells to these genotoxic agents
was determined, The sl 094 cells and cells ex-
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Fig. 2. RIO09 is a HAT that o S <1
acetylates itself and H3-K56. (A) i
GST-Rtt109 displays HAT activity,  5.45 s .
Purified recombinant Rtt109 CBE  Autoradiograph

and REGu, a proteosome-binding

pratein used as a control, were incubated with recombinant H3/H4
tetramers in the presence of [*Hlacetyl-CoA, and the incorporated
PHlacetate was detected by scintillation counting. The mean and
standard deviation from three independent experiments are shown.
(B} Recombinant Rtt109 acetylates itself and H3, but not H4. Samples
from HAT assays as described in (A} were resolved using 5DS poly-
acrylamide electrophoresis (5D5-PAGE), followed by Coomassie
brilliant blue stamlng (CBB), to detect total proteins and auto-
radiography to detect *H acetylated labeled proteins, (C) H3-K56 is
acetylated by recombinant Rtt109. HAT assays were performed using
unlabeled acetyl-CoA, and the presence of acetylated H3-K56 was
determined by Western blot analysis. (D) Rtt109 purified from yeast
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cells acetylates H3-K56. Experiments were performed as described in (C), except for the source of Rtt109. REGa
in (C} and the No-tag sample in (D} were incubated for 6 hours; the rest of the samples were incubated for the times indicated. (E) Mutation of three
conserved aspartate residues affects H3-K56 acetylation. Acetylation of H3-K56 was analyzed in yeast cells expressing rtt109 mutants of the indicated
conserved aspartate residues. (F and G) In vitro assays using Rtt109 mutant proteins purified from yeast cells show a loss of HAT activity by selected aspartate
mutants, (H) Rtt109 mutant proteins interact with Yps75. Vps75-TAP (tandem affinity purification) was purified from wild-type or rtt109 mutant cells, and

copurified Rtt109 or mutants were detected by Western blot,
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Fig. 3. Cells lacking R1t109
and H3-K56 acetylation are
sensitive to DNA-damaging
agents and exhibit elevated
levels of spontaneous Rad52
foci. (A} Cells lacking Rtt109
or containing mutations at
H3-K56 are more sensitive to
DNA-damaging agents than
wild-type cells. Tenfold serial
dilutions of yeast cells of the

genotype indicated at the left were spotted onto YPD medium alone or YPD medium containing CPT, HU, or MM5. Note that the rtt109A H3-K56R mutant
cells grew slightly better than rft1092A single mutant cells when H3 and H4 were expressed on a plasmid. (B) Cells expressing rit109 mutants unable to
acetylate H3-K56 display a similar sensitivity toward DNA-damaging agents as the rit209A mutant cells. (€ and D) Asynchronous rtt109A and H3-K56R
mutant cells exhibit an increase in the percentage of cells containing Rad52-YFP fod compared with WT cells. Rad52-YFP and differential interference
contrast images from a representative field of WT and various mutants are shown (O, and the percentage of cells containing Rad52 foci are calculated (D).
Cells were separated into two categories on the basis of whether a cell displayed a bud (S/G2/M) or not (G4).
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reduced but not abolished, were not as sensitive as
AN cells (Fig. 3. A and B). Morcover, i fiRA
H3-K56R and ref09A HI-K564 double-mutant
cells displayed similar sensitvities toward these
DNA-damaging agents as either single mutant
alone (Fig. 3A and fig. S5), In contrast, cells
expressing /% sie-specilic mutants where H3-
K36 acetyhtion was not affected were resistant w
these DNA-damaging agents (Fig. 3B and fig.

56). These results suggest that the ability of

Rul(® 1o suppress sensitivity toward DNA-
damaging agents is mainly mediated by its HAT
activity toward H3-K356,

In budding veast, Rad32 forms spontancous
foci, predominantly during S and Go-M phases
of the cell evele, and these foct are thought to be
sites of repair of DNA lesions (18, 19, Cells
with mutations i protems mvolved o DNA
mctabolism, such as Top3 exhibit clevated lev-
els of Rad32 loci, possibly due 1o an increase
i spontaneous chromosome breaks (20). The
rid09A and H3-K56R single- and double-
mutant cells showed a substantial increase n
Rad52 fused with yellow fluorescent protein
(Rad32-YFP) foci (Fig. 3. C and D). Monecover,
the s f09A H3-K56R double-mutant cells did
not exhibit more Rad32 foci than cither #uJI0A
or H-K568 muant alone (Fig. 3D, Thus, the
increase in Rad52-YFP foci observed in s/ I0A

mutant cells appears mainly o be due to loss of

H3-K56 acetylation. Supporting this idea, acet-
ylation of four other H3 lysine residues (K9,
K14, KI5, and K23) was not aliered in the
1098 mutant cells (lig. 57) Taken wgether,
these data indicate that Rul09-mediated acety-
lation of H3-K36 during 5 phase protects DNA
{roum damage.

Here we have shown that Ritli® is a mem-
ber of a nowvel HAT family that acetylates H3-
K56, The retd09A mutant exhibited a synthetic
lethal or slow-growth phenotyvpe with a mu-
tant allele of PCNA (proliferating cell nuclear
antigen), el 30-79, which is defective in DNA
replication and repair (2/), but not with the
PCNA mutant allele, pof30-8, which is defec-
tive in cpigenetic silencing (22) (fig. S8A).
The reed (94 mutant also exhibited a symhetic
lethal/slow growth phenotype with a mutation
in DNA polymerase @ (fig. S8B) and was pre-
viously found 1o genetically interact with Ore2
and CdedS mutations (23, 24). All of these
prodeins are involved in DNA replication. The
genetic interactions between Ro LW and the pro-
teins involved in DNA replication suggest that
the rird09A mutant cells are defective in ceram
aspecis of DNA replication. In suppont of this
idea, the rarf09A mutant exhibits synthetic le-
thal or slow-growih phenotypes with mutations
in genes such as RAD32, which are involved in
homologous recombination (25), a process that
is necded to resolve stalled replication forks (26).
Thus, H3-K56 acetylation by Rul09 is closely
linked 1o DNA replication.
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A Two-Amino Acid Change in the
Hemagglutinin of the 1918 Influenza
Virus Abolishes Transmission

Terrence M. Tumpey,* Taronna R. Maines,’ Neal Van Hoeven, Laurel Glaser,?
Alicia Soldrzano,? Claudia Pappas,™® Nancy ]. Cox,* David E. Swayne,? Peter Palese,?

Jacqueline M. Katz,® Adolfo Garcia-Sastre?

The 1918 influenza pandemic was a catastrophic series of virus outbreaks that spread across the
globe. Here, we show that only a modest change in the 1918 influenza hemagglutinin receptor
binding site alters the transmissibility of this pandemic virus. Two amino acid mutations that
cause a switch in receptor binding preference from the human «-2,6 to the avian «-2,3 sialic
acid resulted in a virus incapable of respiratory droplet transmission between ferrets but that
maintained its lethality and replication efficiency in the upper respiratory tract. Furthermore,
poor transmission of a 1918 virus with dual «-2,6 and «-2,3 specificity suggests that a
predominant human «-2,6 sialic acid binding preference is essential for optimal transmission
of this pandemic virus. These findings confirm an essential role of hemagglutinin receptor
specificity for the transmission of influenza viruses among mammals.

he “Spanish™ influcnza pandemic vins
I spread globally and resulied in the deaths

of up to 30 million people worldwide

www.sciencemag.org SCIENCE VOL 315 2 FEBRUARY 2007

(/. 2). The ability ol'this HIN | pandemic strain
o spread rapidly and cause high rates of illness
among humans makes it valuable for studying

the molecular properties that confer elficient
transmissibility of influenza viruses. An influ-
enza virus bearing all cight gene segments of the
1918 pandemic virus was recently generated in
cultured cells, was found to be lethal for chicken
embryos and mice, and displayved a high-growth
phenotype in human lung cells. Furthermore,
the 1918 hemagglutinin (HA) and polymemse
genes were shown to be essential for maximal
virus replication and optimal virulence (3-3).
Influenza pandemics scem to oceur every 10
tov ) years, but the factors that lead o the emer-
gence of pandemic viuses are complex and
poorly undersiood, However, the establishmem
of efficient and sustained human-to-human
transmission of a virus to which humans have
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tose by an a-2.3 linkage (2.3 SA), which is
found in high concentrations on the epithelial
cells of the intestine of waterfowl and shorchirds
(20, Conversely, human infleenea viruses (H1 o
H3 subtypes) more readily bind 1o receptors that
contain tarminal a-26-linked sialyl-galactosyl
(2,6 SA) moicties that are found on the human
respiratory tract cpithelium (13, 14). The three
influciiea pandemic vinuses of the last century,
occurring in 1918 (HINIL), 1957 (H2N2), and
1968 (H3N2), cach possessed an HA with a hu-
man ¢2,6 SA binding preference and are thought
to have originated from an avian virus possessing
the @23 SA binding preference (/3-16). It has
been postulated tha the lack of sustained human-
to-human tmnsmission of avian influenza HAN|
viruses 15 due to their @23 SA receptor binding
preference (17-79). Higher propomions of a3
SA receptors in the human lower respiratory tract
compared with the upper respiratory fract may
explain the severity of H3N | viral preumonia in

little or no preexisting immunity is a fundamental
property of pandemic strains (6, 7). Most threat-
cnimg 15 the possibility of another pandemic,
stmilar 1o that expencneed m 1918, caused by a
novel influcnza subtype virus capable of causing
severe respiratory disease and death, The avian
influenza H3N1 virus, which has resulted in
more than 250 human infections (X), has not ac-
quired human influcnz virus gencs and lacks the
ability 10 spread efliciently from human o hu-
man (% /1), Reassortiment of avian H3NI virus
genes with human HIND influenza virus genes
was shown 10 be insufficient for ransmission of
this avian virus (/f) suggesting that additional
unknown mutations are required for H3NT w
emerge as a pandemic stmin,

The binding of nfluenza vinuses w their tar-
gel cells s mediated by the viral HA, which nee-
opnizes cell surface glycoconjugates conlaining
terminal sialic acid (SA) residues. Avian influen-
za vimuses preferentially bind SA hinked w0 galac-

Table 1. Titer of virus stocks prepared on MDCK cells with trypsin (1 pg/ml, Sigma) and incubated
at 37°C with 5% CO; for 48 hours. Hemagglutination assay of viruses used 0.5% -2, 3-resialylated
CRBCs, -2 6-resialylated CRBCs, or untreated CRBCs. The results shown correspond to four
hemagglutination units. Similar results were obtained when viruses were adjusted to 8, 16, or 32
hemagglutination units with untreated CRBCs.

Amino acid position Presence or absence of

humans resulting from HINI viml attachment
decp n the lungs (/7, 19),

Amine acids at positions 190 and 225 in the
1918 pandemic influenza virus HA determine 1ts
reeeptor binding specilicity (13, /6). In this
study, we generated recombinant influenza vi-
nises possessing all cight gene segments of the
1918 influcnza virus 1o examine the role of re-
ceptor binding specificity on replication, pathoge-
nicity, and tansmissibility of this pandemic strain,
We generated two vardant A/South Carolina/1/18
(SCIR) 1918 viruses in which the HA was al-
tered to change the receptor binding specilicity
from the parental human a6 SA (SCI8) re-
ceptor preference 1o an avian 2.3 SA receplor
preference (AV IR) ora mixed o2,6 and 02,3 SA
spectficity reflecung the ANew York/1/18
INY 18) virus binding specificity. The NY I8 vi-
rus was a natural variant sequenced from an
archived lung tissue sample prepared during au-
topsy ol a patient who died within 6 days of
hospitalzation i September 1918 (20 The HA
comesponding 1o NY 18 virus was made by in-
troducing a single amino acid substitution
[Asp?*=Gly*** (D225G)] in the SCI8 HA.
The AV18 virus, which dilfers by one amino acid
from NY I8 virus, was made by introducing an
additional amino acid change [Asp'™"—Glu'™
(DI90E)] within the NY 18 HA. Compared with

(H3 numbering) hemagglutination the SCIS virus, the AV IS variant has two amino
4 sk Infectivity titer uz,b u2,3 Untreated  “cid changes (DISOE and D225G) in the HA.
{pfli.-’mu CRBCs CREBCs CRBCs which matches the conserved avian conscnsus
7 sequence in the receptor binding site and which
SC18 D 0 46 % 1[!? i - 4 converts it 1o the classic @23 SA receptor prel-
Nyt g g 330 A * % > erence (15). A/Duck/Alberta/35/76 (Dk/Alb) and
Ml"lﬁb E G 5.0 % 1{13 - ¥ + ATexas 3691 (T91) viruses were included
AL ; 4 e a0 - ¥ i the study as controls representative of an avian
Inoculated Contact Inoculated Contact
A c
B fq
- 7 _
5 §
a s, =]
w i
2
g F;
= 34
14
1 3 5§ 7 9 1 3 53 7 9 1n 1 3 § 7 9 1 3 § 7 8 11
B - Days post inoculation/contact
-y
E Fig. 1. Replication in the upper respiratory tract and transmissibility of
;3 o HIN1 viruses. Three ferrets were inoculated with 10° PFU of 5C18 (A,
o ! Tw/91 (B), or Dk/Alb (C) wirus and housed in individual cages. Maive
4 ferrets were placed in cages adjoined to those of the inoculated ferrets,
§ . and viral shedding in the upper respiratory tract was assessed on al-
f-] ternating days for inoculated (left) and contact (right) ferrets. Results
2 from individual ferrets are represented. Solid and dotted bars of same
1 shade represent a separate ferret pair housed in adjoined cages. The limit
1 3 5 7 9 1 3 5 7 9 11  of virus detection was 10" EIDsp/ml.
Days post inoculation/contact
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HINI vinus and a human HINI virus, respec-
tively, The 1918 viruses were gencrated by using
the previously described reverse genetics system
{24-23), and the identiics of virus genes in the
rescued viruses were conlfinmed by reverse tran-
scription polymermse chain reaction and se-
quence analysis,

The rescued 1918 viruses containing the pa-
rental SC18 HA and the two variant HAs had
similarly high infectivity titers in Madin-Darby
canine kidney (MDCK) cells (Table 1), The
recepior-binding propenies of the 1918 viruses
were conlirmed in HA assays by using eniy-
matically modified chicken red blood cells
(CRBCs) that contain cither 2,3 or alb 5A,
as previously descnbed (75). The AVIR vins
and the avian DE/Alb control vins hemagg lun-
nated the a2 3-resalylated CRBOCs only, whereas
the SCIS wvirus hemagglutinated the o 6-
resialvlated CRBCs only. The NY IS virus he-
magglutmated both o2 3- and @2 6-resialvlated
CRBCs.

Pathogenesis and transmissibility of the pa-
rental 1918 (SCL8) virus were evaluated and
compared with those of Tx/91 virus with an 2.6
SA receptor binding prefercnce (/6) and with
those of the avian DE/Alb virus possessing an
a2, 3 SA recoptor binding preference (Table 1)
(24). Ferrets were housed in adjacent cages that

prevented direct and indircct contact between
animals but allowed spread of influcnza virus
through the ar (£1. 25). They were moculated
mtranasally with 10° PFU (plaque lorming
units). One day after infection, three naive ermets
housed in transmission cages were placed
adjacent to cach of the three moculated ferrets
(26). Three additional inoculated ferrets from
cach virus-intected group were Killed on day 3
postinoculation (pi.) for assessment of patho-
logic and virologic parameters (26) Ferrets in-
oculated with the parental SCIS virus shed high
titers of infectious virus in nasal washes begin-
ning as carly as day | p.i. [50% egg infectious
dose (EIDsy/ml) from 10%% 10 1072 |, and they
sustained titers of =10* ElDsy'ml for 9 days
i Fig. 1A, left). SCI8 virus caused severe
discase in all inoculated ferrets starting 2 days
i osymptoms included lethargy, anorexia,
rhinorrhea, sneczing, severe weight loss (Table
2 and fig S1), and high lever, and two of the
three ammals died by day 11 pa. Ferrets -
oculated with HINI Tx91 and D/Alb also
shed high titers of virus in nasal washes (peak
titers had EIDg/ml values from 10* 1o 10%%,
but they were able o clear the virus from the
upper respiratory tract by day 9 p.i. (Fig. 1, B
and C) afler displaving minimal symploms
(Table 2).,
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The human SCI8 and Tw91 vinses efli-
ciently transmitted to cach of the three contact
ferrets (Fig. 1. A and B, nght). The SCI8 virus
wits detected in the contact Terrets as carly as day
| postcontact (p.c.), whereas the Tx/91 vinus
required 3 1o 5 davs o achieve detectable vinus
titers in nasal washes of the Tx/91 contact fer-
rets. The TxW1 contact ferrets exhibited linde
morbidity, whercas all three SC1S contact ferrets
exhibited severe signs of illness and weight loss,
and one of three contact animals failed w clear
the vimus before it succumbed 1o infection on day
6 p.c. In contrast 1o the eflicient spread of SC18
and Tx/91 viuses, the avian DK/Alb vius was
not trmnsmitied 10 naive contact femels, because
vinus was not detected i the nasal washes from
the comtact ferrets at any ume. Furthemmore,
seroconversion was nol detected by hemagzglu-
tination inhibition (HI) analysis of postexposure
sera ( Table 2). Both A/Duck/MNew York/1 5024/
96 and ATurkey/South Dakota/ 7034/86, which
are representative avian vinses with an a2 3 SA
reeeptor preference, exhibited ellicient replica-
tion in the upper respimtory tract, but no trans-
mission was detected between ferrets,

We introduced one- and 1two-amino acid
substitutions into the 1918 virus HA 10 produce
SCLS varants NY 1S and AVIE, respectively. A
switch in receplor specificity from an a2 6 SA

Table 2. Clinical symptoms, virus replication, seroconversion, and transmissibility among ferrets inoculated with H1N1 viruses and among ferrets
exposed to the inoculated animals (contacts), The percentage of mean maximum weight loss is shown. NW, nasal wash.

Inoculated ferrets Contact ferrets
Number with characteristic/total number Number with characteristic/total number Respiratory
Sneezing Virus Seroconversion Virus Seroconversion droplet
(day of l:‘;i?:,:} detected {range of HI E:iii?:::'l detected (range of HI transmission
onset) in NW antibody titer) in NW antibody titer)
5C18 313 (2) 3/3 {11.7) 3/3 1/1 (1280)° 213 (15.4) 313 313 (80-640) Efficient
Tw91 3/3 (2) 3/3 (6.2) 3/3 3/3 (160-640) 373 (3.5) 33 373 (160-320) Efficient
DkfAlb 213 (5) 213 (1.2) 313 3/3 (80-1280) 03 013 03 None
AV1E 03 3/3 (14.7) 33 1/1 (640) 013 03 03 None
NY18 013 3/3 (18.9) 3/3 212 (320-640)" 13 (1.4) 13 2/3 (40-80) Inefficient
“Only one ferret survived and was tested, 1Two ferrets survived and were tested.
Inoculated Contact Inoculated Contact
A B
8 B -
E 71 'E 74
;g ¢ ;5 6
m 5 m -
o 41 & i
? 3 4 é 3-
— 74 - 7
R 1 H
1 1 5 71 9 1 3 5 T 3 01N T 3 5 71 @ 1 3 5 T 3 0
Days post inoculation/contact Days post inoculation/contact

Fig. 2. Respiratory droplet transmissibility of 1918 viruses with mutated
HA proteins. Three ferrets were inoculated with 10° PFU of AV1S (A) or
NY18 (B) virus and placed in separate cages. Naive ferrets were placed in
cages adjoined to those of the inoculated ferrets, and viral shedding in the

in adjoined cages.

upper respiratory tract was assessed on alternating days for inoculated (left)
and contact {right) ferrets. Results from individual ferrets are represented.
Solid and dotted bars of same shade represent a separate ferret pair housed
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{human) to an «2.3 SA (avian) binding pref-
crence abolished the tamsmissibility of the
pandemic virus (Fig. 2 and Table 2). Although
ferrets moculated with AVIE virus exhabited
severe illness (Table 2 and fig S1) and shed high
titers of infectious virus in nasal washes (Fig.
2A, left), none of the three AV E contact femets
had detectable virus in nasal washes, and post-
exposure sera collected Trom contact animals
lacked antibodies against AVIE. The NYIS
virus, with dual «2.6 and 2.3 SA specificity,
also resulted in severe illness and death among
the inoculated ferrets, but it failed 1o tmnsmil
efliciemly, as evidenced by the paucity of clin-
ical symptoms and virus shedding among the
contact ferrets (Fig, 2B} Two of the three NY IR
contact ferrets scroconvented with relatively low
HI titers of 40 and 80 (Table 2). The lack of
efficient transmission was not due to the in-
ability of the NY18 virus to replicate 1o high
titers in the upper respimtory tract, meludmg the
nasal turbinates (Fig. 2B, lefl, and fig S2).
Interestingly. no sneceing was noted among the
AVIS- and NY 18-inoculated ferrets through a
14-day observation pedod. a linding consistent
with the lack of notable sneezing observed in
ferrets infected with HAN viruses (/1)

Despite the differences in transmissibility of
the paratal 1918 (SCI8) virus and the mutant
1918 viruses, similar damage 1o muliple lung
lobes was observed 3 days after intranasal infee-
tion ( 26 (Fig, 3). Femret lungs infected with SCIE,
AVIE, and NY' I8 vinses exhibited necrotizing
bronchiolitis and moderate 1o severe alveolitis
with edema (Fig. 3, A w E. [, and J). Viral antgen
was common in lung tssues, with localization
the upper o lower potions of the bronchial
airways, bronchial and bronchiolar epithelium,
and hyperplasic epithelium within alveoli (Fig. 3,
F 1o H). Ferrets inoculated with control Tx/91 and
DE/Alb viruses genemlly showed a lack of
sionificant lung lesions (Fig. 3, K to M),

Receptor binding, the initial event in influ-
enza virus infection, was a major determinant of
vimus transmission efficiency of the HINI pan-
demic virus, This work also evaluates the viru-
lence of the 1918 vinus in a ferret model, a model
that is belicved o be more representative than
the mouse model of discase caused by influenza
viruses i humans, In contrast 1o other human
influcnza vinus strains, the 1918 vius demon-
strated unigquely high vinulence and lethality in
ferrets. The mutant 1918 virus possessing a2,3
SA receptor binding (AV18) was equally viru-
lent in emrets as the parental SCIS strain o the
dose administered. Remarkably, the AV IS vims
replicated in the upper respiratory tract as ¢ili-
ciently as the parental SC 18 virus, but it failed 1o
transmil 10 comact ferrets. Moreover, a human
a6 SA binding preference is cssential for op-
timal transmission of this exceptionally virulem
vims, The introduction of a single mutation that
converts the HA to dual 2,6 and a2.3 SA
binding specificity (NY I8) reduced the high
transmissibility obscrved with the parental 1918

2 FEBRUARY 2007

(SC18) virus, This result is consistent with the
previously demonstrated lack of transmissibility
ol an HENT 2003 virus that possessed dual a2.6
and a2,3 SA specificity due to a naturally ac-
quired mutation at HA residue 223 (H5 num-
bering; residue 227 by H3 numbering) (11, 27).

Owr findings raise the possibility that, to be-
come more tansmissible, the currently circulat-
ing avian miluenza HENT virus may require a
receptor bindimg change to a predommant 2.6
SA binding preference. Such a modification of
H3 HA may result in improved virus binding o

Fig. 3. Photomicrographs of hematoxylin and eosin [(A) to (E) and (1) to (U] and immuno-
histochemically [(F) to (H) and (M)] stained lung sections from influenza virus-infected ferrets sampled
on day 3 after inoculation. (A to H} Lung sections infected by SC18 virus. (A} Severe necrotizing
bronchiolitis with severe diffuse alveolitis and edema. Scale bar indicates 50 um. (B} Severe diffuse
alveolitis; scale bar, 20 um. (C} Necrotizing bronchiolitis; scale bar, 30 um. (D) Necrosis and (F)
associated influenza viral antigen in submucosal serous glandular epithelium of a bronchus; scale bar,
50 um. (E) Margination and adhesion of neutrophils to endothelial cells of a pulmonary arteriole; scale
bar, 20 um. {G) Influenza viral antigen in epithelium of a primary bronchiole; scale bar, 50 pm. (H) Viral
antigen commonly in macrophages and alweolar epithelial cells; scale bar, 20 um. (1) NY18 virus; severe
diffuse alveolitis with accompanying necrotizing bronchiolitis; scale bar, 50 um. (J) AV18 virus; diffuse
severe alveolitis and edema with necrotizing bronchiolitis; scale bar, 50 um. (K) Tx/91 virus; normal
alveoli; scale bar, 15 um. (L} Dk/ALb virus, purulent bronchiolitis (p} with peribronchiolar mixed cell
inflammation and associated moderate alveolitis (a); scale bar, 50 um. (M) DK/Alb viral antigen in
bronchial epithelium; scale bar, 30 pm.
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human tracheal epithelial cells expressing high
amounts of terminal 2,6 SA motifs and. simul-
tancously, 1 an mmproved ability 1o overcome
the nhibiory ellects of human bronchial mucing
associated with @2,3 SA receplors (28). How-
ever, mutations that caused a shift from the
avian-type to human-type receplor binding spec-
ilicity for the HI subtype do nol cause an
equivalent shift in specificity for the HS subtype
{24, Likewise, the amino acid changes required
to alter the H3 HA from an avian- wo human-type
recepior binding specificity are different from
those required for the H1 HA. Therelore, it is
likely that different avian HA subtypes have dil-
ferent structural requirements o confer receptor
specificity. Thus, it is currently unknown which
addmional mutations i the H3 HA would cause a
shift 1o the human-type specilicity, which may be
required for HEN T vimuses 1o transmit efficiently
among humans,
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Protein Kinase C p and Prolyl Isomerase
1 Regulate Mitochondrial Effects of the

Life-Span Determinant p6

Paolo Pinton,?* Alessandro Rimessi,“?* Saverio Marchi,“? Francesca Orsini,’

BShﬂ

A

Enrica Migliaccio,®* Marco Giorgio,** Cristina Contursi,* Saverio Minucdi,”

Fiamma Mantovani,

7 Mariusz R. Wieckowski,*® Giannino Del 5al %’
Pier Giuseppe Pelicci,**? Rosario Rizzuto™?*t

The é6-kilodalton isoform of the growth factor adapter She (p66°™) translates oxidative damage into
cell death by acting as reactive oxygen species (ROS) producer within mitochondria. However, the
signaling link between cellular stress and mitochondrial proapoptotic activity of péés’“ was not
known. We demonstrate that protein kinase C 3, activated by oxidative conditions in the cell, induces
phospharylation of p66°™ and triggers mitochondrial accumulation of the protein after it is
recognized by the prolyl isomerase Pinl. Once imported, p66°™ causes alterations of mitochondrial
Ca®* responses and three-dimensional structure, thus inducing apoptosis. These data identify a
signaling route that activates an apoptotic inducer shortening the life span and could be a potential
target of pharmacological approaches to inhibit aging.

he protein po6>" (/- 4) is an altermatively

I spliced 1sofonm of a growth factor adapier
that is phosphorylated upon oxidative
siress (2). Ablation of the p66™© gene causes
life-span prolongation with no pathological con-
sequence (2). A fraction of p66™™ localizes 1o
mitochondria (3-5), where it binds 10 cyvio-
chrome ¢ and acts as oxidoreductase, generating
reactive oxygen specics (ROS) and leading 1w
organclle dysfunctuon and cell death (51 The
route leading to p66™™ activation is still unclear.

Phosphorylation of a critical serine (Ser™®) is
necessary (2), but the kinase responsible has not
been identified. Moreover, mitochondrial pﬁl‘-ﬂ"
is unphosphorylated, indicating that additional
regulatory elements must exisl.

Mitochondria receive, under stimulation by
physiological agonists or toxic agents, Ca®'-
mediated inputs (6-8) that are decoded into
cfteets as diverse as metabolic sumulation and
apoptosis (9], Ca®™ responsiveness is a highly
sensitive readou of miochondrial state: Partal

defects i mitochondrial encrgization, as in
mitochondrial diseases, cause defects in Ca®’
handling by the organelle (/). Moreover,
mitochondrial Ca®* uptake is modulated by
regulatory proteins such as kinases. Some pro-
tein kinase C (PEC) isoforms (/1) specifically
affeet the responses of mitochondrial Ca®” 10
agonists (PKCP reduces them, whereas PRCE
enhances them) (/2). PRCs are also proposed
to be activated in conditions ol oxidative siress
(/3). We therefore used aequorin to monitor
cellular concentrations of Ca”, a areen Nuores-
cent protein with mitochondrial presequence
(mtGFP) 1o monitor organelle stracture, and
other molecular wols o clarify the signaling
route linking the oxidative challenge to the
activation nj'pf'-h‘%" proapopiotic effect within
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mitochondria in mouse embryonic libroblasts
(MEFs) (/4.

Using an acquonn probe targeted by a
mitochondrial presequence (MIAEQ) (15), we
investigated organelle Ca®™" responses to aden-
osing triphosphate (ATP), an extracellular agonist
that causes the release of Ca®** from the
endoplasmic reticulum, p66™" and wild-type
MEFs showed similar responses of IE';F' | W0
ATPE, borh in ampliwde and m kinctics (Fig. 1, A
and B). This reflects a close similanty in the
global Ca®* signaling patterns. Indeed, the mon-
itoring of concentration of free evtosolic Ca®
(e ':|: ; Lo ) showa ¢ed that the |l':|: g L rises evoked by
ATP in po6™ " and wildtype MEFs were
virually supenmposable (Fig. 1, A and B, msets),

To imvestgate the effect of an oxidative
challenge, we treated cells for 30 min before
the application of ATP with various concen-
trations of H,0;. Reduction of mitochondrial
Ca®" responses and fragmentation of the three-
dimensional mitochondnal network (16) was ob-
served mowild-type MEFs (Fig. 1, A and a)
several hours belore signs ol apoplosis (cell
shrinkage and nuclear condensation, lor exam-
pley were detected (g S1). whereas minor
changes in the Ca®* response and morphology
were detected in F'.hh"ih"' MEFs (Fig. 1, B and
by, This alteration in Ca** response was chame-
teristically mitochondnal, beeanse no difference
in the ATP-dependent [Ca® | rise was detected

S and wild-type HaOs-treated
MEFs (Fig. 1. A and B, inscts). The reintroduc-
tion of po6™ reestablished sensitivity to HyOs in
p665™= " MEFs (Figs. 1C-¢).

Production of ROS by p66™ () influences
the opening of the mitochondrial permeabality
transition pore (PTP) (7). We thus investigated
whether the Ca® and morphology  changes
triggered by HaOs could be prevented by the
PTP blocker cyclosporine A (CsA). In CsA-
treated wild-type MEFs, the rise in [Ca®")
evoked by ATP stimulation in the presence ol
Hs(s was larpely restored (Fig. 2A) and the
integrity of the mitochondrial network was
preserved (Fig. 2a). On the contrary. no elfect
of CsA on po6™<" (Fig. 2A, inset) or on MEFs
nod treated with HaOy (2. 52, A and B) was
Similar results were obtaned with
bongkrckic acid, another PTP mbibitor (fig. 52,
C and ¢} Mitochondial Ca®" responses and
morphology were not modilied by 120, ap-
plication o N'lh”"; MEFs i which cither the
P66 ™ E1320-E1330 mutant (p66™gqq), in-
capable of binding cviochrome ¢ (5) (Fig. 2, B
and b, or the po6™™S36A mutant (2) (Fig. 2. C
and ¢) had been reintroduced, indicatng that both
the oxidoreductase activity of po6™™ and the
phosphorvlation of Ser'® are essential for the
| l:l i:—i|||.||:|;u,x| Propopiol Ic I..'l"l;,l['l:_'\.'h,

Between pho

detected.

Owverexpression of the PRC isoform 3 ne-
duces transient changes in [Ca™ |,y in HeLa (1),
and PKCP is expressed in MEF cells (fig. S3A).
Adter application of Ha0s, membrane staning of
GFP-tagged PROP was dewected by Nuorescence

2 FEBRUARY 2007

microscopy (g, S4A), showing ils activation
(13, Phosphory lated i*hhmw wits detected afier
treatment of cells with HaOs or with 12-00-
tetradecanoylphorbol 13-acctate (TPA), a PRC
activator (Fig. 3A)Y (J4). Hhispidin, a speahic

wi
A
-
- I
-
3 o 2
== m
1=
-]
3] 0
3 s
= Lintreated
an s H_I:I_
p66™-/-
B
12 ATP ‘ ATP
10- <
= "
s 4]
=
Q. 0 10
30 s
— LUntreated
coe 4+ HO,
p66™"-/-
(pB6™" reintroduced)
C
12 =
ATP
10 -
= 8-
.:.t ﬁ_ III\
O .. |
2..
0- 30 sec
= Untreated
e w * H.O
Fig.

blocker of the PRCP sofonm (fig. S4B) (/&)
inhibited p66™" phosphorylation in both condi-
tions (Fig. 3A)

Overexpression of PROP mimickad the ac-
tvation of the endogenous kmase by oxadanve

wit

Untreated + H,0,
p66~"-/-
reintroduced)

(p66™"

f %,

- NS

Untreated + H,0,

1. Mitochondrial morphology and ca** responses in pﬁﬁs"" MEFs during oxidative stress.

Mitochondrial and cytosolic (inset) Ca®* homeostasis in wild-type {wt} (A) and p&ﬁ“’"‘" (B} MEFs.
Where indicated, mitochondrially targeted aequorin (mtAEQ)—transfected cells were treated with
100 uM ATP. wt: mitochondrial calcium concentration ([Ca®*],) peak, 8.64 + 0.32 uM; cytosolic
calcium concentration ([Ca®*]y) peak, 2.90 = 0.11 uM. p66°"": [Ca®*], peak, 8.71 = 0.37 uM;

[Ca®*); peak, 2.91 + 0.15 uM. Aequorin reconstitution and conversion of luminescence into [Ca

2*]

is described in (14), The dotted traces show the effect of treatment with Hx0; (1 mM, 30 min) on

the ATP-dependent responses. wt: [Ca®*],, peak,

5.84 = 0.28 uM; [Ca®*], peak, 2.60 = 0.07 pM.

P66~ [Ca**],, peak, 7.87 + 0.33 uM; [Ca**]; peak, 2.7 + 0.09 uM. (a and b) Analysis of
mitochondrial structure in cells treated with or without Hy0; (1 mM, 30 min) (a greater mag-
nification is presented in the insets). (C and ¢) Reintroduced p66°™ reestablishes the [Ca®*],, and
morphology sensitivity to Hx0; in p66™ ™" MEFs. [Ca®*], peak, 8.69 + 0.51 uM; after Hx0, [Ca**],
peak, 5.76 = 0.44 uM, P < 0.01. For all the experiments presented, n = 15.
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challenges, causing a reduction in |i';.l3lf,., ne-
sponses i wild-type MEFs (in which the puta-
tive downstream eflector is present) but not m
p66™™ " MEFs (Fig. 3B). This cflcct was spe-
cihic lor PKCB. When other solorms  were

wt
(+ H,0,)
A 2= AP a
12 -
= §-
10 - ATP 1 -
3 8- 2
1*1 + HO0L)
— Unimted
T
30 sec

= Lintreated

awomow + Csl
p66™"-/-
(p66 ™ qq reintroduced)
B b
12-
.0- ATP
s
= 8-
ﬁ
2 -
2 =
0 3 sec
Untreated
+H,D
pE6™"--
(pB6 S36A reintroduced)
C [
12=
ATP
10 =
=
=
=)
30 sec
Unitreatad

+HDO

expressed (PRCo, PROCS, PRCe, or PRCT), the
|'u|'1t1mr-dq.1u-|ml:n1 mitechondrial Ca™ alteration
wias nol observed (g, 83). Morcover, when
PECE was inlnbied phammacologically with
hispidin{ Fig. 3C) or its abundance was decreased

wi
(CsA treatment)

Untreated

p66~"-/-
(p66™"qq reintroduced)

Untreated

p66™"-/-
(pB6™S36A reintroduced)

+H,0,

Untreated

Fig. 2. Involvement of PTP, p66°"™ binding to cytochrome ¢, and p66™™ phosphorylation in mitochondrial
p66™™ action. (A) Effect of treatment with CsA (4 uM, 10 min) on H,0,-dependent reduction of [Ca®*],
responses in wt MEFs. [Ca o peak, 5.84 + 0.28 uM in cells treated only with Hz05; 758 + 0.33 uM, P <
0.01, in cells pretreated with CsA, then treated with H.0,. No effect of CSA on péém_"_ cells was
detected, [Ca®*],, peak, 7.87 = 0.33 uM in cells treated only with H,0,; 8.43 + 0.54 uM in cells
pretreated with Csa, then treated with H;0s (Fig. 24, inset). (B and €) Failure of the pﬁESh‘qq mutant
([Ca**], peak: control, 8.35 + 0.71 uM; Hy05, 7.76 = 0.35 uM) (B) or the p66°S36A mutant ([Ca**],
peak control, 8.58 + 0.61 uM: Hz03, 7.74 £ 0.64 uM) (C) to reestablish mitochondrial [Ca®*]
sensitivity to H,0, in p66°™ '~ MEFs. All conditions as in Fig. 1. (a to ¢) Morphology of H05-
treated, CsA-pretreated cells (a) or H;0,-treated cells expressing the p66°™qq (b) or p66°"*536A

mutants (c).
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with RNA interference (RNAG) (Fig. 3D) the
|{'.'|3' [ peak was mimimally affected by the
application of HaO4. Similarly, lspidin reatment
preserved mitochondnal momphology (Fig. 3EL

We verthed whether PRCE mhibiton reduced
the apoptotic ellicacy of HaOs wreatment, We
mzsured cell viability 8 hours after the addition
of 1 mM H;05 by counting surviving cells on the
microscopy stage, Hispidin caused no change in
cell viability in wild-type cells but increased the
number of cells surviving oxidative stress (29%,
21 in HaOy-treated cells versus 6006 + 475 In
hispidin pretreated cells, expressed as a pereent-
age of the cells counted on a coverslip not ex-
L l'.'ﬂ,.'n..l. io | I:( ’:b H-IE,'_ Hs‘k ).

To pamially mimic an “aging” cvent, we
analyzed mitochondrial Ca®™ responses in MEFs
manntained m culture for 20 passages. In wild-
type MEFs, the [Ca? responses  gradually
decreased with time in culture, whereas no
St MEFs or in
wild-type MEFs if the culture medium was sup-
plemented with hispadin (fig. S3BL We also
analyzed the effect of PKCPE on other mitochon-
dral parameters: mitochondnal membrane po-
tential (AY) and production of ROS { f4). PKCB
activation v TPA caused a gradual reduction in
AW i wild-tvpe but not in ]\hhmw MEFs (Fig.
IF md fig. S5C) (4). An increase in ROS
production was observed shortly after infection
of cells with an adenoviral vector driving PRCE
expression: dihvdrocthidium Nuorescence inten-
sity {arbitmary units) 17.70 = 1.2 versus 14.97
1.3 in nontransduced cells, supporting the view
that PKCP miggers the oxidoreductase activity
of p66e=e,

We suspected that a possible link between
PEC-dependent phosphorylation of |'|'f'|h|'\'hL and
s mitochondrial oxidoreductase activity  was
that phosphorviation mediated tmnster of |1hhﬂm
from the cvtosol to mitochondra. The prolyl
isomerase Pinl recognizes and induces cis-irans
isomerization of pSer-Pro (or pThr-Pro) bonds,
confernng  phosphory lation-dependent  con for-
mational changes relevant for protein function
(19, 20y Morcover, Pinl™ MEFs are impaired
in apoplosis aller exposure o uliraviolet (UVce)
radiation (27). We identificd a putative consensus
for Pinl binding (Ser’®Pro™') in p66™, Pull-
down expenments (J4) with Pinl linked to glu-
tathione S-tmnsferase (GST-Pinl) showed that
Pl bound to ;ﬁ'-h:q"' alier exposure of cells o
UVve radiation that caused phosphorylation ol
|ﬂﬂ~h"". This imeraction appeared to be phospho-
rvlation dependent because it was reduced by
treatment of cell extmcts with call” imtestinal
phosphatase (CIP) Furthermore, the nonphos-
phorvlatable mutant pe6>™S
detectable binding to Pinl (Fig. 4A).

We investigated the mitochondrial effecs
of H4(l remtment in Pinl ™ MEFs, In Pinl
cells, the HyOs-dependent reduction of the
[Ca™ |ny peak was smaller than that of wild-type
MEFs (Fig. 4B). Smilarly, in Pinl © MEFs,
mormphological changes caused by H20s were

. |I1i

alteration was observed in phiy

30A did not show
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Fig. 3. Effects of PKC[i-dependent phosphoryl-
ation of p&é&*™, (A) Western blotting of psés™
from wt MEFs treated with H 05 (500 uM, 10
min} or TPA (100 ng/ml, 10 min) with antibodies
to p6s>"™ phosphorylated on ser®® (anti-
pS36p66°™) or antibody to nonphosphorylated
SH, domain (Src homology 20 of She (anti-SH,
She). Hisp, cells treated for 24 hours with hispidin
(5 EIMJ- (B) Effect of PKC[} overexpression on
[Ca**],, responses in wt {[Ca®*],, peak, 5.84 +
0.18 puM versus 8.64 + 0.32 uM in nontrans-
duced cells, P < 0.01) and (inset) p66*"~"~ MEFs
([Ca®*],, peak, 8.33 = 0.37 uM versus 8.71 +
0.37 uM in nontransduced cells). () Treatment
of wt MEFs with hispidin (5 uM, 30 min) prevents
the H;Dz-degendent reduction of [Ca®*]y,
responses ([Ca™*], peak, 7.60 = 0.46 puM versus
8.50 = 0.43 uM in nontreated cells) and the
alteration of mitochondrial structure (E). (D} Ef-
fects of depletion of PK'EE- with RNAI on Hx0,;-
dependent reduction of [Ca®*], responses ([Ca™* ]
peak, 7.43 = 0.49 uM versus 8.81 = 0.56 uM in

nontreated cells). All conditions as in Fig. 1. Expression of PKCJ3 after silencing
is shown in the Western blot (inset). (F) Kinetics of tetramethyl rhodamine
methyl ester (TMRM) fluorescence of wt and p66°""~ cells treated with TPA.

Fig. 4. Pinl induces pﬁﬁ”" mitochondrial translocation
after Ser™® phosphorylation. (A} Total lysates from Phoenix
cells (donx) transfected with p66™™ or its $36A mutant, UV-
irradiated andfor treated with CIP, were subjected to G5T or
GST-Pinl pull-down followed by immunoblotting with
antibody to She. (B} Effect of Ha0; on the ATP-dependent
[Ca®*],, responses in Pin1™" ([Ca®*],, peak, 8.64 + 0.49 uM
in control versus 6.98 + 0.46 uM in H;0; treated) and
(inset) wt ([Ca®*],, peak, 8.41 + 0.22 uM in control versus
5.02 + 0.39 uM, P < 0.01 in H,0, treated) MEFs. (C) Effect
of 100 uM H,0, on [Ca®*],, responses in Pinl overex-
pressing MEFs ([Ca®*],, peak, 8.60 + 0.58 uM in control
versus 7.26 = 0.26 uM H,0; treated, P < 0.05) and (inset) in
wt MEFs ([Ca**],, peak, 8.64 + 0.49 uM in control versus
8.56 = 0.31 uM, H;0; treated). (D) Effects of okadaic acid
(1 uM, 1 hour) on H,0s-dependent reduction of [Ca®*],,
responses ([Ca**],, peak, 7.58 + 0.33 uM versus 6.83 =
0.24 uM, in okadaic acid pretreated cells before and af-
ter H;0, treatment, respectively). All conditions as in Fig.
1. (E) Western blot of p6&™™ protein levels in the mito-
chondrial fraction and in the cell homogenate from wt and
Pin1™~ MEFs.
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minimal (fig. S6A). Overexpression of Pinl
sensitized cells o weaker oxidative stress,
When wild-type MEFs were subjected o nuld
oxidative siress (100 pM HaOs for 15 mm
instead of | mM For 30 min). no alteration in the
agonist-dependent [Ca®",, transient was de-
tected, whereas in Pinl overexpressing cells,
the peak was reduced (Fig. 4C). In centain sub-
strates, the phosphosenne-proline (phosphoS-P)
sites, once isomerized by Pinl, are recognized
and dephosphorylaed by PP2A (20). In cells
treated with okadaic acid (PP2A inhibitor). the
reduction in agonist-dependent [Ca®' |y re-
sponses was markedly smaller (Fig. 4% than
that in wild-tvpe cells, which might suggest that
dephosphorvlation by PP2A follows Pinl rec-
ognition and 1s necessary for the mitochondrial
ellects of ph!"rsm.

Finally, we tested the hvpothesis that Pinl-
dependent isomenization of p663™ enhances
the transfer of the proten © the organclle. We
evaluated the mitochondnial pool of pa6>™ in
wild-type and Pinl 7~ MEFs by subccllular frac-
tionation and immunoblotting (Fig. 4E and fig.
S6B) (f4). In wild-tvpe cells, oxidative stress
increased the amount of po6™ within mitochon-
dria (~+ 100%). This effect appeared 1o depend
on PRC activity, because a similar increase was
evoked by freatment of cells with TPA, and

hispidin inhibited the effects of Ha(s reatment.
Blots of total homogenate showed only a small
mcrease in the total amount ol pﬁhﬁ": (~+15%)
{(4), indicating that there was net translocation
of p66°"™ 1o the organelle. In Pinl ™~ MEFs, the
mitochondrial frction of p66™© was smaller,
baoth at rest or alter treatment with HaO5 or TPA.
TPA had no detectable effeet on localization of
p66™ in the Pinl ™" cells.

Owerall, these data highlight a molecular route
that links an oxidative challenge to the activation
of ph6™ and the recruitment of mitochondria in
apoplosis and may contribute 1o the aging prop-
ertics of this protein.
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Targeting of Diacylglycerol
Degradation to M1 Muscarinic
Receptors by B-Arrestins

Christopher D. Nelson, Stephen ]. Perry,®* Debra 5. Regier,? Stephen M. Prescott,’

Matthew K. Topham,? Robert ]. Lefkowitz®*+

Seven-transmembrane receptor (TTMR) signaling is transduced by second messengers such as
diacylglycerol ({DAG) generated in response to the heterotrimeric guanine nucleotide—binding
protein Gy and is terminated by receptor desensitization and degradation of the second
messengers. We show that [i-arrestins coordinate both processes for the Gy -coupled M1 muscarinic
receptor. [i-Arrestins physically interact with diacylglycerol kinases (DGKs), enzymes that

degrade DAG. Moreover, i-arrestins are essential for conversion of DAG to phosphatidic acid after
agonist stimulation, and this activity requires recruitment of the -arrestin-DGK complex to
activated 7TMRs. The dual function of [f-arrestins, limiting production of diacylglycerol (by receptor
desensitization) while enhancing its rate of degradation, is analogous to their ability to recruit
adenosine 3,5 -monophosphate phosphodiesterases to G;-coupled [fz-adrenergic receptors. Thus,
[-arrestins can serve similar regulatory functions for disparate classes of 7TMRs through
structurally dissimilar enzymes that degrade chemically distinct second messengers.

timulation of 7TMRs activates hetero-
Sirimcric guanine nucleotide binding

proteins (G proteins). initiating the pro-
duction of second messenger molecules, For
TTMREs coupled 1o the G protein family mem-
ber G, activation of adenylvl eyelase increases
intraccllular adenosine 3' 3"-monophosphate
(cAMP) concenamtions; TTMRs that couple 1w
Gy stimulae phoespholipase C and comsequent
hydrolysis of phosphatidy linositol 4,5-bisphosphate

o produce inositol 1.4, 5-trsphosphate and diac-
viglveerol (DAG) (/). Proper regulation of sig-
nal transduction requires G protein inactivation,
degradation of second messengers, and silenc-
ing of activated receptors (desensitization) 1o
retumn the cell to a basal state. Deactivation of G
prodcins is achieved through the intnnsic guano-
sine mphosphatase (GTPase) actvity of the o
subunit with subscquent reassembly of the inactive
heterotnmenic complex. However, unlike the auto-

catalytic G proteins, most second messenger mol-
ccules require specific eneymes Tor metabolism to
an insctive forme For DAG, regulation s particu-
larly crucial because dvsregulation leading 1o
profonged DAG signaling 1s tumongenic (2, 3).
The main pathway of DAG metabolism is

phosphorylation by members of the family of

diacviglycerol kinases (DGKs) (4). DGKs are
predominantly  cvioplasmic and translocate
the plasma membrane upon stimulation of many
receptors, including TTMRs. These enzyvmes
catalyze the adenosine wriphosphaie (ATP)
dependent creation of phosphatidic acid (PA)
through phosphorylation of the sw-3 position
of DAG, thus negatively regulating DAG-
dependent proteins such as proiein kinase ©
(PRC) However, PA itsell s a signaling mole-
cule that inlluences vesicle rallicking (5), pro-
modes translocation of the protein kinase Rafl o
the plasma membrane (6), and aftects the active
ity of multiple enezymes, mcluding type 1 phos-
phatidy linositol 3-kinases (7, &), PRCZ (%), and
small GTPase proteins (f6).
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Homologous desensitization of TTMRs oc-
curs through a highly conserved mechanism. The
phosphoryvlation of eytoplasmic TTMR sennc
and threomine residues by G protem-—coupled re-
coplor Kinases promotes the tmanslocation and
binding of f-arrestin proteins, sterically hindering
receptor- G prodein coupling and diminishing G
protein signaling (/). B-Amesting interacting with
AP-2 (12) and clathrin (J3) then intemalize
activined  receptors from the cell surface via
clathrn-coatad pits. i=Amestins also recruit PDE4
phosphodicsterases o stimulated Pradrenergic

receptors, thereby accelerating the mte of cAMP
degradation in a concerted mechanism ol recep-
tor desensitization and second messenger in-
activation (/4). Here, we investigated whether
framesting might function more generally to co-
ordinate second messenger inactivation and assist
DGR o gquench DAG signaling,

To test whether P-amesting imeract with
DGKs, we transiently overexpressed hemagglu-
tinin (HA) epitope-tagged DGK ., 5, v, 6. €, L,
or 1 in COST cells along with FLAG epitope
tagged framestin 1, framestin 2, or pcDNAJ

vector (Fig, 1A) Overight incubation of cell
Iysates with resin coated with antibody 1o the
FLAG epitope revealed coimmunoprecipitation
of all seven HA-tagged DGRs with FLAG-tagged
PFrarmestin 1 and Prarestin 2, but not with vector
comrols (Fig. 1A) Coimmunoprecipitation of
endogenous f-armestin 1 and 2 with HA-DGRE
verfied this imemction (Fig, 1B). Stimulation of
endogenous M1 receptors (M 1R ) with carbachol
{50 pMyor dircat stumulation of PRC with 100 nM
phorbol ester had no effect on the amount of
Prarresting immunoprecipitated, which indicates

Fig. 1. Coimmunoprecipitation of DGK isoforms and DAG A rrl Barr2 DNA3
kinase activity with f-arrestins. (A) Top and middle: Western WADO: o P ys e Cvov ewafydecC. y&85 e g
blots of FLAG immunoprecipitates from COS7 cells over- p. FLAG (fia ‘ * * .i.
expressing HA-tagged DGK isoforms cotransfected with FLAG  1B: mqmml b 'L-L -
[f-arrestin 1 (Barrl), FLAG B-arrestin 2 (Barr2), or pcDNA3 ' - S S S =
vector. Bottom: Cell lysate immunoblots normalized for total —ER i —
protein, confirming construct expression, Images are represent-  IP: FLAG (farr) —eeese—s
ative of five independent experiments. (B} Western blots of 1B: FLAG(Barr) -
immunoprecipitated HA-DGKZ (top) and coimmunoprecipitated
endogenous B-arrestins (bottom) after stimulation with 50 uM parr1 [farr2 pcDNA3
carbachol or 1 uM phorbol ester, as indicated. Data are MADOK: @ B Yy B e L1 ev ewa Byded( s pyse
representative of three independent experiments (ev, empty -
vector; PMA, phorbol 12-myristate 13-acetate; Lys, HEK293 cell gmtnﬁn;l .‘ [ = - ;E- .d-':'_
lysate). {C) In vitro DAG kinase assays were performed on e
FLAG—[3-arrestin immunocomplexes as described (15). Data
were normalized to empty vector transfections and represent B cBe EV PMA Lre
the mean + SE of four independent experiments. (D) = HT:TE:GT]] o 2 5 15 30
Endogenous [-arrestins were immunoprecipitated with rabbit IP: - -.-.
polyclonal antibodies A1CT or A2CT and analyzed as above. IB: HA (DGKT) -t ‘
Data were normalized versus preimmune rabbit antiserum and IP: HA (DGKD)
represent the mean + SE of five independent experiments. - L =1
Statistical significance was determined by repeated-measures IB: A1CT (jiarr) =EmeEess- =
analysis of varriance (ANOVA) with a Bonferroni post hoc test c D
to correct for multiple comparisons (*P < 0.05, **P < 0.01). y - " "
= . (2 -I_ -
L
M Tt gE- m
H
5, ol g5
§i:~ B g H
| g =
‘ pcDMAD pamrestin  [larrestind . P AICT AT
Fig. 2. Interaction of p-arresting with the cysteine- A P wecks D g - -
cation sites of the DGKL deletion mutants. CRD, AERDYZ | 2
cysteine-rich domain; MARCKS, myristoylated alanine- scRDY | it - - -“:';tm
rich Ckinase substrate domain. (B) A1CT blot of achoz | - | .
endogencus [-arrestins immunoprecipitated with
DGKZ mutants. (C) The same immunoblot reprobed g farl P2 pan? Perr2 Pa2 fani
with antibody to DGKZ (15). (D) Western blat of [3- ) " - WITE 138 1300 13410
arrestin 2 truncation mutants coimmunoprecipitated :m n o - - E S— . - [—
with HA-DGKL. (E) Anti-HA probe of HA-DGK] ™ B i 1 HABoK)
samples confirming comparable protein immung- DOK. pcDNAI SCRDVZ ACRDY  ACRD2
precipitation. (F) Expression levels of FLAG-tagged [3- B s
amestin 2 mutants in HEK293 cell lysates. All panels c F ;
are representative of at least four independent E
experiments, 1P: DGIC ”
18: DK " -E_ Lysate:
— 1Bz FLAG ([}
DGH, pcDMAZ SCADUZ  ACRD .
—
[farr) [ar? (a2 [larr2 faer? 2
1-1TE 1-253 1-300 1E3-410
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that [f-amestins and DGKs can exist in a consti-
tutively fommed protein complex.

To examine the activity of B-amestin-bound
DGKs, we mansiently transfected FLAG-[-
arrestins and HA-DGKE into human embryonic
kidney HEK293 cells and tested FLAG immu-
noprecipitates for DAG Kinase activity in vitm
{13}, The two Pamestin isoforms were associated
with similar amounts of DGK cnzymatic activity
(Fig. 1C) Endogenous Pramrestins immuno-
precipitied with mbbit polvelonal antibodies 1o
f-arrestin | and 2 |A1CT (/6) and A2CT (16)]
also showed significantly more associated endog-
enous DGK activity than did controls (Fig, 1 D).

To map the site of [-arrestin binding 1o
DGKs, we used a panel of DGR deletuon mu-
tants (/7) 1o immunoprecipitate endogenous
B-arrestins from HEK293 cells. Preliminary
mapping implicated the N terminus in f-armestin
binding (fig. S1), and fincr mapping of this
region showed a requirement for the cystene-

rich domains (CRDs) in this interaction (Fig. 2,
A to C) This agrees with our data showing that
[ramestin mteracts with muluple DGRs, as the
CRDs are one of two elements conserved across
the entire DGK family (the catalytic domain
being the other), The CRDs are necessary for the
translocation of DGKE (18), and although DAG
docs not induce DGK translocation, receplor
stimulation induces robust membrane recruit-
ment {/9); these observations are consistent with
framestin-mediated DGK trafficking.

The critical regions of f-arrestin required for
DGKE binding were determined wsing a similar
approach with multiple f-arrestin 2 truncation
mutants (Fig. 2, Do F). Deletion of cither the N
or O terminus of f-arrestin 2 was of linle conse-

quence, However, the mutamt composed of

amino acids 1 o 176 was not observed i HA-
DGKL immunoprecipitates. Therefore, the enti-
cal claments of DGKEC binding within f-armestin
2 appear 1o be between residues 177 and 253,

REPORTS

corresponding to an outer loop in the C-terminal
half of f-amestin | and 2.

To imvestigate the consoquences ol f-amestin
DGK complexation in cells, we quantified
carbachol-induced production of phosphatidic
acid by wholecell ¥P labeling. Labeled lipid
specics were extracted from HEK293 cells trns-
focted with peDNA3 wector, FLAG Pamrestin
| or FLAG-Barrestin 2 (Fig, 3A), then separated
by thin-laver chromatography (76) (Fig. 3B).
Quantification of 2P incompomtion (Fig. 3C)
revealed that, relative o nonstimulated cells,
vector-transfected cells produced 4.8 +© 0.4 times
as much madiolabeled PA with 5 min of endoge-
nous MIR stimulation. Overexpression of cither
Barmestin | or Beamestin 2 increased  agonist-
nduced PA levels 10 7.2 £ 006 and 8.5 £ (0.9 nmes
the basal state, respoctively.

To further analyze the role of framestins in
MIR stmulation of DGK activity, we used
small imterdering RNA (sIRNA) o deplete endog-

[ Hen Stimulated

A B C i“" WCBC Stmulsted ... D
PeDWAY  ofarrl  sfar? cae: —.‘Eﬂ; .Mq. ~eer) + % d T cTL flarrd ~flarri
1 Pl - : [
—“ ~i1 ®i®ss E% L JEp—"
< ¥4 .
I1B: A1CT (Parr) 5 § ; I IB: A1CT (parr)
Fig. 3. Positive in- o ] ﬁ
fluence of p-arrestin pcDNA3  parri parr2
expression on carbachol- E E G
stimulated phosphatidic 3 [ Mon Stimulated 120 .
acid production. (A) Im- §5F 3 [ CBC Stimuisted
munoblot for [-arrestins 3 2 - m— j bt : 1 E[_
:mm :Exz_sr: ceusntrrla;;- 38 2 . 0w = = w3 : -
ected with pc . & a
FLAG-Parrl, or FLAGH gé : = -... Ej aof [~
arr2. (B} Phosphor- g ' - £
g ST OF - E |_I—| & i_ IB: anti-GFP (arr1) 2
radiolabeled lipids ex- CIL  pam2  pami "% 1 2 s0 100

tracted and separated
by thin-layer chromatog-

ng GFP-barr1 DNA

raphy from [-arrestin— and control-transfected cells with and without 50 M
carbachol stimulation of endogenous M1Rs for 5 min (CBC, carbachol; PI,
phosphatidylinositol; PA, phosphatidic acid). (C) Quantification of carbachol-
stimulated [**PIPA normalized to nonstimulated controls. Values shown represent
the mean =+ SE from eight independent experiments. Statistical significance was
determined by one-way ANOVA with a Bonferroni post hoc test to correct for
multiple comparisons (P < 0.01 versus stimulated pcDNA3; P < 0.001 vs.
stimulated pcDNA3), (D) Western blot of -arrestins from HEK293 cells treated
with [i-arrestin—specific sIRNA oligonucleotides. (E} Summary data of carbachol-
stimulated [*P]PA production across [i-arrestin siRNA treatments. Values shown
represent the mean + SE of five independent experiments. Statistical

Fig. 4. Dominant negative effect of farrON on DGK transloca- A

significance was determined by one-way ANOVA with a Bonferroni post hoc
test to correct for multiple comparisons (*P < 0.05 versus stimulated control
cells; ***P = 0.001 versus stimulated control cells; 12 = 0.01 versus
nonstimulated control cells). (F) Anti-GFP immunoblot showing expression of
GFP-tagged rat [f-amestin 1 in HEK293 cells treated with siRNA specific for
human [Farrestin 1. (G) Summary data of rescued [*’PIPA production
normalized to nonstimulated control siRNA transfections. Values shown
represent the mean = SE of three independent experiments. Statistical
significance was determined by one-way ANOVA with a Bonferroni post hoc
test to correct for multiple comparisons (*P < 0.05 versus nonstimulated cells;
**P < 0,01 versus nonstimulated cells).

IP: HA (M1ACHR)

tion to the M1 muscarinic receptor. (A) Western blots of dithio- ) = sy
bis-maleimidoethane—cross-linked HA-M1R immunoprecipitates ~ '8P9% — a— - i 6 Suriated
from HEK293 cells transfected with FLAG-DGKL and ParrON as g -
described, with and without 50 uM carbachol stimulation for 5 min. ... 'Eg 3
(B) Summary data of three experiments showing the effect of  '8M'ACHR " g | = .
BarrON overexpression on agonist-induced (*?PJPA production. Sta- |__ . e =} 2
tistical significance was determined by a paired f test (P <005 €8¢ . - * o ¥ o % £F
versus stimulated pcDNA3). FLACDGK. 4+ + 4 <+ + + o

paron e . - - pcDNA3 parON
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enous f-arrestins in HEK293 cells (/6), Specific
SIRNAs reduced expression of Barmestin 1 by
~80% and framestin 2 by ~M% (Fig. 30 and
significantly altected the |3‘2P|PA generated m
response o carbachol stimulation (Fig, 3E). Rel-
ative o untreated, nonstimulated cells, cells mans-
fected with nonsilencing control sSIRNA showad a
lactor of 2.8 + (04 merease in the amount of PA
produced after agonist treatment, whercas -
arrestin 2 siIRNA-treated cells produced only
1.7 & 0.2 times as much radioactive PA. The
elfects of depleting B-arrestin | wene even greater,
reducing basal PA concentrations 1o less than
half (0.43 = 0,08) of control and limiting the
carbachol-stimulated response w 0.8 « 0.1 of
the control basal state.

To validate the RNA mierference resulis, we
mvestigated the ellect of replenishing cells with
exogenously expressed famestin 1 atier siRNA
treatment. Rat B-amrestin | fused to green uo-
rescent protem (GFP) was expressed moeells
transfected with siIBNA targetmg the human
Brarrestin | sequence. Although Brarrestin 1 pro-
teins [rom these species are 9% identical,
siRNA directed against human B-arrestin | has
no effect onexpression of mt f-amestin | because
ol six nucleotide mismatches within the 21-base
sequence 1o which the siRNA hybridizes. With an
increasing titration of rmt GFP-B-amestin | plas-
mid, there was a proportional nse in fusion
protein expression (Fig, 3F) (1o about 3 times the
amount of endogenous Peamrestin 1) and a con-
comitant augmentation in the incorporation of 2P
mto PA (Fig, 3G and fig. S2B). GFP-B-arrestin
| rescued T1% of the carbachol-stimulated PA
(100 = 0.5% mnerease over basal control cells)
(Fig. 3G3).

MNexl, we sought 1o dissociate the roles of
Pearrestins in receplor desensitization from their
DGK scaffolding function. We screened the
f-arrestin 2 deletion mutanis used previously
for use as a dominant negative protein 1o inhibit
DGK activity. The -arrestin 2 163410 mutant,
hencelorth refered to as ParON ( f-arrestin 2, no
N temminus), was robustly overexpressed. bound
all isoforms of DGK tested in coimmunoprecipi-
tation experiments (fig. S3A), and also competed
with endogenous Bearestins for binding 10 DGKs
i a dose-dependent manner (fig. 53B). How-
ever, this mutam lacks N-terminal residues that
are eritical for receptor binding (26 and thus,
as cxpected, failed to interact with agonist-
stimulated TIMERS (fig. S3C) Thus, farON ap-
peared 1o act as a dominant negative [-arresting,
retaining DGEs in the cvioplasm and prohibiting
translocation of the framestin- DGR complex 1o
activated TTMRs. Inmunoblotling muscarinic
receplor immunoprecipitates for cross-linked
DGKEL revealed a cabachol-dependent associa-
tion that was climinated by farrO™N overexpres-
sion (Fig. 4A and fig. S3D). We compared
HEK293 cclls mansfected with BamON 10 cells
transfected with an equal amount of pecDNAJ
vector, Extracts from control cells showed a
factor of 4.0 + 0.4 incrcase in DAG phosphoryl-

2 FEBRUARY 2007

ation alter agonist stimulation, whereas the
famN-transfected cells generated only a factor
of 1.9 = 0.3 merease (Fig. 48 and hig. S2C).

Our results demonstrate the ability of
Pamestins o recruit DGKs o a ligand-activated
Gigcoupled TTMR. This finding is analogous 1o
their previously discovered function in recruiting
cAMP phosphodiesterases 1o the Gg-coupled
Fa-adrencrgic receptor. However, the sceond
messenger degrwding anavimes involved in the
G, and Gy pathways are structurally and fune-
tionally unrelated. Thus, the data suggest a very
general role for f-arestins in coondinating second
messenger degradation as well as receptor de-
sensitiztion. Unlike adenosine 3-monophosphate
(the degradative product of phosphodicsterase
action on cAMP), which 1s biologically imactive,
PA resulting from DAG phosphorylation by
DGR has been implicated as an eflector in many
signaling pathways. Consequently, f-amrestin
mediated targeting of DGKs 10 TTMRSs may also
serve as a critical molecular switch, wuming off
DAG-dependent signaling (such as PKC) while
activating PA-sensitive pathways.
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Structural and Regulatory Genes
Required to Make the Gas
Dimethyl Sulfide in Bacteria

Jonathan D. Todd,* Rachel Rogers, You Guo Li,>* Margaret Wexler,* Philip L. Bond,*t Lei Sun,?
Andrew R. ]. Curson,® Gill Malin,? Michael Steinke,>t Andrew W. B. Johnston's

Dimethyl sulfide (DMS) is a key compound in global sulfur and carbon cycles. DMS oxidation
products cause cloud nucleation and may affect weather and climate. DMS is generated largely by
bacterial catabolism of dimethylsulfoniopropionate (DMSP), a secondary metabolite made by
marine algae. We demonstrate that the bacterial gene dddD is required for this process and that its
transcription is induced by the DMSP substrate. Cloned dddD from the marine bacterium
Marnemonas and from two bacterial strains that associate with higher plants, the Na-fixing
symbiont Rivizobium NGRZ34 and the root-colonizing Burkholderia cepacie AMMD, conferred to
Escherichia coli the ability to make DMS from DMSP. The inferred enzymatic mechanism for DMS
liberation involves an initial step in which DMSP is modified by addition of acyl coenzyme A, rather
than the immediate release of DMS by a DMSP lyase, the previously suggested mechanism,

arge amoums of DMSP are produced

I annually by many manne phytoplankion
(/-3 seaweed macroalgae (4), and some
angiosperms,  including the salt marsh  grass
Sparting (3). For these organisms, DMSP is an
osmoprodectant, which s released dunng physi-
ological and mechanical stress, viml ysis, or

VOL 315 SCIENCE

graver attack (4. Much of this is then catab-
olized through microbial action, mostly by
marine bacteria (7-¥). DMSP cawbolism is
hypothesized to occur through one of two path-
ways (7, /). The dominamt process, which
carmics about 80% of the wal global flux, n-
volves demethylation of DMSP (1), The other,

www . sciencemag.org



DMSP lvase, route (7) mvolves a different en-
aymatic cleavage of DMSP (Fig. 1) that resulis in
DMS, the prodominant form of sulfur anitted
from marine environments. DMS  oxidation
products nucleate cloud Formation,  increasing
the albedo over the occans, and hence may
contribute 1o a reduction in global temperturcs
(2n DMS 15 also a potent chemoattractant for
some crustaceans (copepods) and binds (shear-
waters and petrels) as a marker for their potential
food supplies (11, 1)

Recemtly, a gene, diadd, which specilies a
DMSP demethylase, was identified in Silicitecier
pewprerond DSS-3, a marine a-proteobactenium that
can also form DMS from DMSP (/3, 14). Or-
thologs of this demethylase occur in many
marine bacteria, including the abundam Pefag-
hacter ubigue (14). No genels) mvolved in the
DMSP lvase pathway arc known, although several
classes of hacteria grow with DMSP a5 the sole
carbon source, releasing DMS when they do
50 (7). We term this phenotype Ddd™ (DMSP-
dependent DMS).

To identity some of the key dded genes, we
sampled bacteria from root surfaces of the salt
marsh grss Sparting anglica and grew them
with DMSP as the sole carbon source (/5). We
purificd a DMSP-citabolizing bacterium (strain
MWYLI), which had a 165 RNA sequence
90%% identical to that of Marinomaonas, a marne
y-proteobactenium genus known to include Ddd”
strains (/6). Cultures of MWYLI were grown
in minimal media with either DMSP, glyvecrol,
or both as carbon sources and assayed Tor DMS
production. DMS was produced only il cells
were pregrown with DMSP (with or without
glveerol), demonstrating thar DMSP pretreat-
ment induced DMS-synthesizing activity 100-
fold in Marimomeonas (Table 1).

To clone the relevant Marinomaonas  ddd
genes, we made a fosmid library of MWYLI
genomic DNA in Excherichia oolf. No primary
transfectants grew when DMSP was provided as
the sole carbon source, but one E. colf trans-
fectant produced DMS when grown on medium
with DMSP plus glveerol. Retransformation
of £, cali conlirmed that this Ddd™ phenotype
wis duc 1o this fosmid, Through subcloning, we
identificd two  predicted  transciptional  units,
termed ol and dd TBCR (conaining oedT,
dddB, ddC, and deld R), which arc transcribed
divergently from each other (Fig. 2) These two
operons, along with their promoter regions, were
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{Present address: Department of Biological Sciences, Uni
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subcloned individvally, We found that £ coff
comtaining cither oddD or dddTBCR, cach
with their native promoters, produced no DMS
when grown on DMSPE. Theretore, both of these
operons are required for the Ddd™ phenotype.
We also cloned dddD) o a vector (pET21a)
where its expression was induced by sopropyl-
F-thiogalactopyranoside (IPTG). E. colf contain-
ing this plasmid formed DMS (300 nmol DMS
min~' mg dry weight ') from DMSP but only
upon PTG addition. Thus, ddd> alone conlers
a Ddd™ phenotype il expressed from an ectopic
promoter. The failure of dddD 1o confer a Ddd”
phenotype when comrolled by its own promoter
suggested that ot required a positively acting
transcriptional regulator, most likely encoded by

i BCIdIlY —— Sulfate and sulfonate

Atmospheric
Sulfur transpor to continents

REPORTS

the didd THCR operon, This was confirmed: in
the presence of DMSPE, subcloned ddd alone
activated expression of a transcriptional fusion
in which dddf>, with its native promoter, was
fused to facZ (Table 2). Consistent with this,
the sequence of DddPR showed that it was in
the LysR family of bacterial transcnptional
regulators.

The sequence of the DddD gene product
placed it in the family of type I acyl comeyme
A (CoA) tmansfermses, not in a lyase family as
hypothesized (7). The closest DddD homolog
(26% identity) with known function is £, coli
CaiB, a v butyrobetiny-CoAccamitine CoA-
transferase that adds acyl CoA to the amine
acid camiting, a molecule with structural sim-
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Fig. 1. Representation of conventional and revised pathways for DMSP catabolism. The dotted,
central line portrays the DMSP lyase pathway. Box 1 shows the demethylation pathway, the first
step being catabolized by DmdA (14). Box 2 shows our suggested incomplete pathway, derived
from predicted general functions of DddD.
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ilarity to DMSP, The Marinomonas MWY L]
Ddd proteins were =93% identical to proteins
m the closely related Marinemonas  strams

MEDI2] and HTCC2207. Furthermore, the
Ddd” marine a-protcobacteria S, pomeroni
DSS-3 and Sagimeda stelfata E37 both have pro-

Table 1. Effects of cloned and mutant ddd genes and pregrowth in DMSP on DMS production. Wild-
type and Ddd™ mutant Marinomonas MWYL1, B. cepacia AMMD, Rhizobium NGR234, and E. coli
containing various combinations of cloned ddd genes were examined. Strains were grown in ap-
propriate minimal media with glycerol (G) or glycerol plus DMSP (G + D). DM5 emissions are in nmol
DMS min™* mg dry weight ™. Details of pBIO plasmids containing cloned ddd genes are in table S1.
ND indicates not detectable; NT, not tested. Values for Marinomonas MWYLL wild type grown in
DMSP as sole C source averaged 12,095 + 302 (+ SE), indicating that the addition of a second,
utilizable carbon source may slightly depress DMS emission.

DMS emission after pregrowth in

Status of ddd gene

G G+D
Marinomonas MWYL1
Wild type 89 = 27 7716 148
DddD™ mutant ND ND
DddR™ mutant ND ND
E coli
None added ND ND
dddD-dddTECR from MWYL1 150 = 27 604 = 45
B cepacia AMMD
Wild type 120 = 18 391 = 34
Rhizobivm NGR234
Wild type 170 = 25 1432 + 77
E. coli
dddD from B. cepacia AMMD NT 236 £ 5
dddD from Rhizobium NGR234 NT 402 + 54

Table 2. Effect of dddR of Marinomonas MWYL1 and B. cepacia AMMD on ddd-lacZ expression.
Strains of £, colf and Maerinomonas containing dddD-locZ fusion plasmid pBIO1603 were grown as
in Table 1. Derivatives of E. coli containing cloned dddR of Marinomonas MWYL1 (in pBIO1601) or
B. cepacia AMMD (in pBIO1608) were assayed for ff-galactosidase in triplicate.

teins with ~40% idemity 1o DAdD of Marino-
manas (£3) (fig. S1)

Two other bactenal strmns not previously
known o catabolize DMSP have proteins about
6% identical 1w Marinomonas DAAD. These
are the a-proteobactenal Na-fixing, symbiotic
Riizobipem NGR234, which induces nodules on
many different legumes and on the nonlegume
Parasponia (17, 18), and the f-proteobacterium
Burkholderia cepacia AMMD, found on roots
of many angiosperms (79), Neither Rlvizoliin
NGR234 nor B, cepacia AMMD grew on DMSP
as sole carbon source, but both emitted  DMS
when grown with DMSP plus another carbon
source, As with Marinomeonas, their Ddd” phe-
notype was induced by DMSP (Table 1), When
deld ) homologs of Rlizebinn NGR234 and 8,
cepacia AMMD were individually cloned and
supplied by a promoter in the vector, they both
conferred a DAdd™ phenotvpe to £ colfi ( Table 1),
Other strins of Riuzobivm and Burkholderia
that lack ofddD (15) made no DMS on media
comaining DMSP plus glyeerol.

The closest homolog 1o Marinemenas DddR
was a protein of 60% identity from B cepacia
AMMD (Fig. 2). The cloned AMMD diddR-like
gene, which is adjacent to ddd D) of this species.
fully induced expression o Warinomonas
dddD-locZ in E. colf that was pregrown with
DMSP (Table 2). Thus, B, eepacia DAdR acti-
vates expression of dddD of the distantly related
Marinomoras.

To confinm the importance of dddf D and R
in DMSP catabolism in Mariramaonas, we made
trnsposon insertions in cach of these genes (13).
Neither the DAAD™ nor the DddR™ mutants grew

dddD-lacZ expression on DMSP s the sole carbon source, and neither
Status of dddR gene f-galactosidase activity (Miller units with SE) made DMS in DMSP plus glyeerol medium
G G+ D (Table 1), Further, the dddD-lac? fusion was not
: expressed in the DAdR™ mutant.
T = m‘;il sl - ”Jr.:.jlhuugl': the .'l.f:u'r'munr_mT :.f:.f:”:;ﬁﬁa’ﬁl:}:;r:tli
. deddC genes were not required 1o confer a Ddd
Cloned dddR of Manmm}} e T gy K55 0% ['rl1r.:|'urllL:.'|‘na~ o E. coli, 1]]nr'tr location suggested
Cloned dddR of 8. cepacia AMMD ; 69 = 14 1495 £ 30 that they might be involved in DMSP catabo-
? Marinomonas NWYL1 lism. DAdT may be required for DMSP uplake
Wild type 61+ 12 4700 + 176 because it is in the betaine-camitine-choline-
Fig. 2. The ddd regions of Marinomonas MWYL1, B. cepacia A 1Kb
AMMD, and Rhizobium NGRZ234. (A) Genes are shown as -~ | - - ]
arrows. The product of “adh” in NGR234 is related to alcohol ) 7
dehydrogenase, as is DddB (hatched arrow). The atp, per, S e
and pbp gene products are, respectively, the predicted ’ o . 2 e | Rfizobium NGR2M

adenosine triphosphatase (ATPase), permease, and periplas- w pw py

mic binding protein of an ATP-binding cassette (ABC) trans-
porter of betaine-like molecules in Rhizobium NGR234. (B)
Dimensions of cloned Marinomonas ddd genes in various

M’T

-_ > s el mmmlp | Mornomonas MWYLY |

dods  ddaT 0 doR

plasmids (table 51). The dimension of the dddD-lacZ fusion
pBI01603 is also shown.

sssssssessssssssansreses PBIO1602

—... - pBIO1603

el
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transporier (BCCT) family, whose members trns-
port different betaine molecules. DAdB is in the
family of Fe-comtaining alcohol dehydrogen-
ases, and DAAC s a pradicted methylmalonate-
scmialdehyde dehydrogenase-like protein, In
E. coli, the tansporters for betaine (Betll) and
carniting (CaiT) are, respectively, 453% and 27%
identical 1o DAAT and so may substiwte for the
bona fide DAAT of Marinomonas.

The two Ddd™ stmins of Rlizebinm and
Burkholderia have unusually wide host ranges
on angiosperms, s0 we speculate that their hosts
may include species that, like Sprting, make
DMSP, Neither B cepacia nor Rhizobinm
NGR234 used DMSP os a sole carbon source
under our conditions. However, their partial
catabolism of DMSP, forming DMS, may have
a mole in detoxification or in signaling. Also un-
expecied is that the predicied function of DddD
is a type H acyl CoA translerase, very dil-
ferent from the DMSP lyase that was hypothe-
sieed o cleave DMSP dircetly (7) (Fig. 1)
Given its homology to £ coli CailB, DAdD 15
predicted to add CoA 1o DMSPE, a key step

preceding subsequent cleavage and release of

DMS. The proposed DMSP-CoA  thioester
may be catabolized by one or mone steps 1o
DMS ples 3-hvdroxypropionate (Fig. 1), This
scheme could accommadate the observations (21)
that a Ddd" ee-proteobacterium, when grown on
DMSPE, produced DMS and accumulated 3-
hydroxypropionate but not acrvlate, a predicted
product of DMSP Ivase (Fig. 1)

CaiB of E coli is a homodimer of two sep-
arate CaiB polvpeptides (27) In contrast, the
DddD proteins in the Ddd™ bacteria shown in
fig. S1 arc all about twice the size of E cofi
CuB and compnse tandem, imperfect repeats
separated by a poorly conserved linker (fig. S1).
The homology between these DddD intramolec-

www.sciencemag.org SCIENCE VOL 315 2 FEBRUARY 2007

ular repeats s greatest at their N-tenmini, which
include the active site for CaiB (fig. S1). There-
fore, a single DAAD polypeptide may torm the
dimer-type strecture for acyl CoA trnslerises
whose substrate is DMSP,

The genes in the published Sargasso Sea
bacternial metagenome (22) include one homolog
cach of DAAD (58% identical) and DAAR (60%
identical). Thercfore, the Ddd system oceurs in
occanic bactena, although less frequently than
docs the DmdA DMSP demethylase (/4). Other
bacteria may have different ways of making DMS
from DMSP, because we noted that didD homo-
logs are absent from two other DMS-emitting
strins, Sulfiobacier sp, EE-36 and Roseonarius
mubindiibens ISM. It will be ol inierest 1o deter-
mine the mnge ol different mechanisms  for
DMSP catabolism in bactena and o understand
their roles in global sulfur and carbon eyeles,
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Laser Microdissection

The PALM MicroBeam for laser microdissection permits non-contact, contamination-free
isolation of homogeneous specimens from tissue or the acquisition of living cells for the
maolecular analysis of DNA, RNA, and proteins. The system is based on the Axio Observer
research microscope. The integration of various modules permits the system Lo be
upgraded for future tasks. It provides gentle handling of cells, from preparation and cut-
ting up to catapulting. The possibility of extracting and analyzing small quantities of start-
ing material opens new applications in pathology and cancer research as well as in stem
cell research and individualized medicine. Working with the PALM MicroBeam is enhanced
by newimage analysis technigues such as multi-channel fluorescence and extended focus.
Carl Zeiss For information 914-681- 7627 www.zeiss.de/micro-press

DNA Extraction Solution

The QuickExtract DNA Extraction Solution pre-
pares DNA ready for polymerase chain reaction
from animal tissue, hair follicles, fingernails,
feather quills, and mouse tail snips. The one-tube
protocol takes only eight minutes, The method
allows for the inexpensive processing of one to
hundreds of samples simultaneously, without the
need for centrifugation, spin columns, or toxic
organic solvents. Archived samples are stable for
years al =20 °C.

Epicentre Biotechnologies For information
B00-284-8474 www.EpiBio.com/QuickExtract.asp

Submicroliter Pipetting

The BioRaptr and PicoRaptr systems feature
advanced, accurate fluidic technology suitable
for assay miniaturization. The Bioraptr is an
automated, non-contact dispenser for 384-well,
1536-well, and 3456-well plate formats. Il
delivers precise and accurate dispensing across
a low-volume range of 100 nl to &0 wl, without
cross contamination. The PicoRaptr features an
eight-tip piezo head and dual-plate carner
stage for high-speed aspiration and pipetting
for ultra-low volumes, from 1 nl to 100 pl. With
various configurations, the PicoRaptr worksta-
tion provides the ability to complete spotting;
compound formatting; dose response for cell-
based assays; and single nucleotide polymaor-
phism assays in high-densily microplates,
slides, and chips.

Beckman Coulter For information

714-993-8955 www.beckmancoulter.com

Thermal Sealer

MiniSeal is an entry-level, semi-automated ther-
mal sealer for laboratories sealing small to
medium batches of microplates. Designed for con-
venience, the compact MiniSeal requires only to

be plugged into a single electrical outlet to oper-
ate, There is no need to site it near a compressed
air source or to buy a dedicated compressor,
Unlike hand-operated manual thermal sealers,
the instrument makes use of a set sealing pressure
to deliver highly reproducible plate seals. The
device can produce a tight seal on any stan-
dard, deep-well, or polymerase-chain-reaction
microplate from 3 mm to 62 mm in height. The
temperature is adjustable from 50 °C to 200 °C,
Porvair Sciences For information

+44 1932 240255 www. porvair-sciences.com

Dry Diaphragm Pump

The MVP 006 is a dry diaphragm pump that can
be integrated into compact analytical instru-
mentation and small vacuum pump stations. The
MVP 006 offers a pumping speed of & liters per
minute, with automatic speed regulation and
oplimized materials for increased diaphragm
life. The pump provides a dry, oil-free vacuum for
use in contamination-sensitive locations and
applications. The MVP 006 can be combined with
the Pleiffer Vacuum TMH/U 071 and TPD 011
turbopumps for applications that require low
energy consumption and reliable operation, such
as small mass spectrometry systems. The combi-
nation optimizes power consumption, vibration,
and diaphragm life, with only one power supply
needed for both pumps.

Plieffer Vacuum For information 603-578-6500
www.pleiffer-vacuum.com

Imaging System

The Montage Explorer imaging system is an
automated sample scanning and image stitch-
ing system that helps microscopists rapidly pro-
duce a single, perfectly focused image of an
entire microscope slide. The system consists of a
high-resolution color charge-coupled device

digital camera that can be fitted to virtually any
microscope, with or without a8 motorized stage,
integrated to a state-of-the-art personal com-
puter. Montage Explorer dynamically extends
the field of view so that as users move their sam-
ples they can simultaneously extend the depth
of field, to produce a three-dimensional image
in real time. This allows microscopists to use
high magnification and high-resolution micro-
scope objectives on a wide field of view and
saves the time and efforts of manually pasting
many images together. For even greater time
savings, Montage Explorer can also be used with
an automated xyz-stepper stage, which can be
supplied as an integrated part of the system,
Syncroscopy For infarmation 800-686-4415
WWW.SYNCroscopy.com

For more information visit Product-Info,
Science's new online product index
at http.//science.labvelocity.com

From the pages of Product-Info, you can:

* Quickly find and request free
information on products and services
found in the pages of Science.

= Ask vendors to contact you with more
information.

= Link directly to vendors' Web sites.

Newly offered instrumentation, apparatus, and laboratory
materials of interest to researchers in all disciplines in academic,
industrial, and government erganizations are featured in this
space. Emphasis is given to purpose, chief characteristics, and
availability of products and materials. Endorsement by Science
of ARAS of any products or materials mentioned is not implied.
Additional irfarmation may be abtained from the manufacturer
or supplier by visiting www.science. abvelocity.com on the Web,
where you can request that the information be sent to you by
e-mail, fax, mail, or telephone.
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(Alex J. McDonald / Michela Gallagher /
Barry J, Everitt / Richard F. Westbrook /
Ranald E. Sea)

+ Physiological Function
{Patrik Vuilleunier | Christian Buchel /
Paul J. Whalen)

+» Psychological Disorders
(Ahmad Hariri | Joy Hirsch /

Douglas Bremner [ Roger K. Pitman /
Wayne C. Drevets)

« Translational Research
(Bruce McEwen [ Sumantra Chattarji /
Chrigtian Grillan)

ANTIGEN CROSS-PRESENTATION
BIG SKY RESORT

BIG SKY, MT

SEP 2.7, 2007

MATTHEW ALBERT &

PRAMOD SRIVASTAVA, CO-CHAIRS
SHANNON TURLEY, VICE CHAIR

+ Cell Death
{Seamus Martin f Guido Kroemer /

Ann Marshak-Rothsiein

« Antigen Transfer to Dendritic Cells |
{Stephen Schoenbenger |
Ten Schumacher / Margaret Callahan /
Nir Hacohen / William Heath)

« Antigen Transfer to Dendritic Cells Il
{Peter Cresswell | Robert Binder /
Michel Desjardins)

+ Endogenous Alarm Signals
(Michael Lotze | Kevin Tracey /
Caetano Rels & Sousa / Kenneth Rock)

= Antigen Capture
{Lynda Stuart / Patrick Willamsan /
Mathale Franc !/ Lucas Pelkmans)

+ Phagosome Maturation
{Sergio Grinstein | Colin Walts |
Sebastian Amigorana / Ira Mellman)

« Antigen Processing & Presentation
{Shannon Turfey | Nilabh Shastri /
Jonathan Yewdell / Wilired Jefferies)

# Clinical Interface
{Hyam Lewvitsky | Herbert “Skip™ Virgin /
Wamren Shiemchik)

# Historical Perspective | Evolution
{Chares David [ Jean-Claude Ameisen /
Michael Bevan)

AMNGIOGENESIS & MICROCIRCULATION
SALVE REGINA UNNMERSITY

HNEWPORT, RI

AUG 19-24, 2007

DOUGLAS HAMNAHAM, CHAIR

DONALD MCDOMALD, VICE CHAIR

+ HKeynote Talk 1: Roles of Cadherins
and Catenins in Endothelial Cellto-Cell
Communication and the Regulation of
Anglogenesis
(Elisabetta Dejana)

+ Keynote Talk 2: Cellular Specialization in
the Angiogenic Sprout: On the Roles of
VEGF-, PDGF- and Motch Signaling
(Chrisler Betsholtz)

APOPTOTIC CELL RECOGNITION &
CLEARANCE

BATES COLLEGE

LEWISTOM, ME

JUN 17-22, 2007

KODI RAVICHANDRAN &

MICHAEL HENGARTNER, CO-CHAIRS
MARTIN HERRMANN &

YOSHINOBU NAKAMISHI, CO-VICE CHAIRS

+ Keynote Talk 1: Playing Hide & Seek with
Phosphatidylserine
{Robert Schiegel)

+ HKeynote Talk 2: Systems Analysis of
Phagocytosls
(Lynda Stuart)

+ Getting together: Phagocytic Receptors
and Ligands |
{ Yoshi Makanishi [ Shyra Gardai /
Giovanna Chimini / Zheng Zhou)

+ Phagocytic Receptors and Ligands Il
(Robert Schiegel { Peler Henson /

Mathalie Franc)

= Good Eating Habits: Mechanisms of
Ingesting and Digesting Corpses
{Kodf Ravichandran | Ray Birge [

Shige Nagata / Lars-Peter-Erwig)

+ Nibbling on the Food: Pruning of Axons
and Damaged Neurons by Glial Cells
{Michae! Hengartner | Marc Freaman /
Yoshi Nakanishi)

= After the Meal Issues: Consequences of
Engulfment
{Peter Henson | Scolt Kiss /

Adam Lacy-Hulbert f Laszio Fesus)

+ Leaving Food Behind: Immunogenicity of
Unengulfed Corpsas
{Chis Gregovy [ Martin Herrmann /
Pramod Srivalsava)

« Test Tube to Therapy: Clinical Uses of
Apoptotic Cells
(Dave Pertt ! James George [
Adrian Morreli / James Ferara / Terry Fry)
+« Desserts: New Developmants
{Mavtin Hermnann | Chris Gregory)

APPLIED & ENVIRONMENTAL MICROBIOLOGY
MOUNT HOLYOKE COLLEGE

SOUTH HADLEY, MA

JUL 15-20, 2007

KEMMETH NEALSON, CHAIR

MICOLE DUBILIER, VICE CHAIR

New Metabolic Pathways

Electricity and Hydrogen from Microbes

Microbes as Environmental Biosensors

Mechanisms of Extracellular Electron

Transfer

Blofilm Formation and Stability

New Technology for Imaging Microbes

« Mew Technology for Measuring Microbial
Processes

= Microbial Diversity, Genomics, and

Metagenomics

ARCHAEA: ECOLOGY, METABOLISM &
MOLECULAR BIOLOGY

PROCTOR ACADEMY

ANDOVER, NH

AUG 18-24, 2007

IMKE SCHROEDER &

MALCOLM WHITE, CO-CHAIRS

JULIE MAUPIMN-FURLOW &

BETTIMA SIEBERS, CO-VICE CHAIRS

+ HKeynote Talk: Starting and Stopping
Transcription
(Imke Schrdder | John Reeve)

= Recombination and Repair
(Thorsten Allers / Ed Bolt / Isaac Cann /
Jocalyne DiRuggiero / Denis Grogan)

« Gene Regulation
(Haruyuki Atomi / Faul Blum /
Robert Gunsalus / William Metcalf /
John van der Oost / Ruth Schmitz)

+* Information Processing: From DNA to
Protein
(Steve Bell / Joseph Krzyeki / Dister S811)

= Protein Translocation and Processing
[Sonja Albers f Jemy Eichler / Peter Lund /
Julie Maupin-F urow)

+« Evolutien and the Tree of Life
(Patrick Forterre / Eugene Koonin)

+ Ecology of Emerging Archaea
{Karl Sfetter | Edward Delong ! Jim Ekins /
Christa Schieper f Dave Stahl)

+« Ewvolution and Composition of Microbial
Communities
{Anlje Boetius [ Edward DeLong)

= Archaeal Proteins and Physiology
{Amulf Kletzin f Biswarup Mukhopadhyay /
Rolf Thauer / Simon de Vries / Robert White)

= Physioclogy and Regulation of
Carbohydrate Metabolism
(Witkam Whitman | Pater Schénheit /
Beltina Siebers)
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ASSISTED CIRCULATION
BIG SKY RESORT

BIG SKY, MT

AUG 19-24, 2007

LESLIE MILLER, CHAIR
JOHM WATSON, VICE CHAIR

Where are we now? INTERMACS Update
(firm Kirkelin | Jim Young)

Where are we now? Industry Update
{Mike Acker | George Weiselthaler /

Jim Long / George Noon)

Putting an End to Complications of MC5:
Innovative ldeas and Best Practices
(Mariell Jessup ! Randy Starling |

Keith Aaronson / Willlam Harmon [ Don Hill)
Biologic Responses of MCS (Including
Anti- Aggregation/C cagulation)

(Gary Eikelboom [ Guillerma Torre /

Ed Titel / Silviu tescu / Dan Birkaff)
Dasigning the Next Clinkcal Trials

(Eric Rose | Les Miller f

Lynn Warner Stevenson / Marv Konstam /
Annating Gelljns / David Famrar)
RegulatoryiFunding/industry Constraints
in Clinical Trials

(Bob Kormos | Jeff Nelsan /

Bram Zuckermnan / Don Middlebrook /

Jane Reedy)

Innovations in Technology to Advance the
Field and Enhance QOL for Patients
(Joln Watson / Tim Baldwin [ Jim Anderson |
Harvey Borovilz [ Steven Boyce [ Jeff Rose)
True LV Recovery: How Do We Quadruple
the Percent of Patlents Weaned Off
Devices?

(Magdi Yacoub | Frank Pagani |

Daris Taylor f Ken Chien [ Jannifar Hall /
Emma Birks Harefield)

Goals for MCS in 2012

(Les Miter { Jahn Watson)

ATMOSPHERIC CHEMISTRY
BIG SKY RESORT

BIG SKY, MT

AUG 26-31, 2007

DOUGLAS WORSNOP, CHAIR
PALL WENMBERG, VICE CHAIR

Key Perspectives

(Barbara Firlayson-Pilts [ Guy Brasseur |
Andi Andreae )

Field Observations

(Sasha Madronich | Dwayne Heard /
Steve Brown / Scott Hemdon [ Min Shaao)
Aerosol Chemistry

(John Seinfeld / Urs Baltensperger
Allen Goldstein / Hugh Coa)

Lab Kinetics

{Kristie Boering | Paul Wine /

Jonathan Abbatt)

Models, Clouds, Nucleation

{Dan Murphy | Ken Carslaw /

Thanos Nenes / Markku Kulmala)

CO, Budgets

(Ralph Keeling | Steve Wofsy / David Archer)
Global Perspectives

{Jennifer Logan [ Alex Guenther |

Lyatt Jaegle / Slave Ghan)

Upper Atmosphere

{Dave Fahey | Thomas Roeckmann /
Mathaniel Livesey / Brian Toon)

ATHEROSCLEROSIS

IL CIoCCO

LUCCA (BARGA), ITALY

JUN 17-22, 2007

CHRISTOPHER GLASS &

MICHAEL ROSENFELD, CO-CHAIRS
MARTHA CATHCART, VICE CHAIR

Nuclear Receptors and Coregulators
[Jahan Auwers | Palar Tontonoz [

Jorge Plutzky)

Innate and Acquired Immune Mechanisms
(Govan Hansson | Joseph Witzum /

Ziad Mallat / Linda Curliss)

Genetics

(Helken Hobbs  Jake Lusis / Steve Young)
Advanced Plague: Death, Disruption,
Thrombosis and Calcification

{fra Tabas ! Alain Tedgui/ Peter Libby /
Linda Demer)

Imaging

{Chun Yuan ! Zahi Fayad / Johannes Schaar)
Macrophage Biology and Inflammation
{Alan Aderem | Slamon Gordon /

Isreal Charo / Kathryn Moore)

Vascular Cell Sources and Phenotypes
(Seppo Yia-Herulla | Gwendalyn Randalph /
Stefanie Dimmaler)

Lipid Metabolism and Reverse Cholesterol
Transport

{Alan Tall { Card Sparrow / Rudolph Zechner f
Bob Farese)

Diabetes and Metabolic Syndrome

(Bart Staels | Takashi Kadowaki [ Alan Attie)

ATOMIC PHYSICS

TILTON SCHOOL

TILTOM, NH

JUL 1-8, 2007

CHRIS MONROE, CHAIR

PROTIK MAJUMDER, VICE CHAIR

Quantum Information

(Carf Williams | David Wineland /
Gavin Brennan)

Degencrate Gases |

{Keith Burnett f Zoran Hadzibabic)
Degenerate Gases Il

{Dan Stamper-Kum | Randy Hulat)
Condensed Matter Links

(Jason Ho | Keith Schwab /
Richard Scalettar)

Precision Measurements

{Dan Kieppner | Gerald Gabriglse /
Wim Ubachs / Till Rosenband)
Atomiec Interactions

{Brett Esry / Georg Raithel)
Attosecond Physics

(Phil Bucksbaum | Paul Carkum /
Mark Kasavich)

Quantum Optics

(Viad Vuletic f Jeff Kimble / Mark Raizen)
Bio-Molecular Imaging

{Jennifer Ogifvie [ Warren Warren /
Yaron Silberberg)

BARRIER FUNCTION OF MAMMALIAN SKIN
SALVE REGINALUNIVERSITY

MEWPORT, RI

AUG 5410, 2007

AMTHONY RAWLINGS &

MIKE ROBERTS, CO-CHAIRS

WALTER HOLLERAM &

MEIL KITSON, CO-VICE CHAIRS

Keynote Talk: How Barrier Dysfunction
Trumps Immunologlcal Abnormalities in
Atopic Dermatitis

(Steven Hoath | Peter Elias)

The Adaptive and Reactive Barrier
(Medl Kitson [ Daniel Maes f

David Basketter / Michael Cork)

Stratum Corneum Formation and
Maturaticn

( Tony Rawlings |

Eleftherios Diamandis / Michel Simon /
Erwin Tschachler [ lrwin McClean)
Emerging Epidermal Barrier Functions
(Wait Holaran / Ken Feingokd /

Faith Williams / Richard Gallo/ Des Tobin)
Skin Biomechanics

(Howard Mafbach | Birgit Lane /

Reiner Dauskardt / Mark Kendall)
Strategies to Maximize and Assess Skin
Panetration

(Mike Roberts [ Annatte Bunge /

Richard Guy / Russ Polts)
Consequences of Affecting or Crossing
the Skin Barrier

(Bl Dresslar! Chris Anderson f

Nancy Monteiro-Riviare /

Gerhard Mohynek / Bob Bronaugh)

Hot Topics & Selections from Poster
Conftributions

(Jerny Kasting | Julia Caussin /

Florence Puch / Jim Riviers / Sharea Cross |
Audra Stinchcomb / poster contributions)
Lifestyle and Barrier Function

(Raman Govindarajan | Jens Thiele /
Johan Wiechars | Mirl Seiberg /

Juergen Lademann)

A Debate on: Do Corneccytes Leak?
(Peter Elias | Ken Walters | Joke Bouwstra)

BIOINFORMATICS: THE INTERFACE OF
COMPUTATION AND EXPERIMENT
PFROCTOR ACADEMY

ANDOVER, NH

JUL 15-20, 2007

EDWARD MARCOTTE, CHAIR

CHRIS BURGE, VICE CHAIR

Keynote Lectures: Quantitative
Biotechnology

Randomness and Noise in Biological
Systems

{Rachel Brem / Erin O'Shea /

Alexander van Oudenaarden)

Synthetic Biology

(Adam Arkin)}

Comparative Genomics

(Fritz Roth { Gil Bejerana / Bruce Taillon)
Gene Regulatery Codes: Chromatin,
Transcriptional and Posttranscriptional
Codes

{Martha Bulyk / Chris Burge /

Anlon Enrght f Zhiping Weng)
Computational Systems Biology and
Proteomics

(Amy Keating / Robert Murphy ¢

Dana Pe'er | Robert Walerston)
Structure, Evolution, and Dynamics of
Biclogical Networks

(Michael Laub / Hanah Margalit / Aviv Regev)
Genome Evolution

(Wikam Press / Hunter Fraser /

Eugene Koonin / Svante Paabo)
Genomic Medicine

(Bertie Gotlgens [ Erdc Schadt)
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BIOLOGICAL MOLECULES IN THE GAS PHASE
BATES COLLEGE

LEWISTON, ME

JUL 22-27, 2007

ALBERT HECK, CHAIR

CAVID PRATT &

JOAN-EMMA SHEA, CO-VICE CHAIRS

+ Keynote Talk: Serine - Chamistry, Clusters
and the Origin of Life
{Graham Cooks)

* Hydrated Biomolecules in the Gas-Phase
(Evan Williams ! David Prait /

Vitaly Kresin / Rebecca Jockusch)

= Macromolecular Mass Spectrometry
(Jute Leary ! Rober van den Hauvel /

Lars Konemann / John Klassen)

+ Protein Folding and Conformation by H/D
Exchange Mass Spectrometry
(Jotn Engen | Elizabeth Komives /
lgor Kallashov / Thomas Jorgensan)

+ High-Resolution Spectroscopy of
Peptides, Experimental Results
(Leo Meerts / Lavina Snoak [

Mattanjah de Vides / Nick Polfer)

+ Related Condensed Phase Approaches
(Tobias Baumgart / Philip Anfinnud /

Haw Yang)

+ Oxidation, Electron Transfer & Other
Chemical Probes for Protein Conformation
(Vieky Wy=socki ! Roman Zubaravy |
Kathrin Breuker / Michael Gross)

+ Computational Approaches to Protein
Conformation
{Joan-Emma Shea | John E. Straub /
Leanid Mirmny / Sean Decatur)

+ High-Resolution Spectroscopy of
Peptides, Theory and Experimeant
(Benny Gerber [ Jerzy Leszczynski)

BIOMATERIALS:

BIOCOMPATIBILITY / TISSUE ENGINEERING
HOLDERMESS SCHOOL

PLYMOUTH, NH

JUL 22-27, 2007

ANDRES GARCIA, CHAIR

WILLIAM REICHERT, VICE CHAIR

+« Keynote 1: Creation of Functienal
Vessels for Cancer Therapy and Tissue
Engineering
{Rakesh Jain)

+ HKeynote 2: Cell Signaling Networks
{Douglas Lauffenburger)

+ Device Biological Performance
(Patrick Stayton / William Shain /
Thomas Bauver / Howard Griesler)

+ Modeling Protein Adsorption
(David Grainger | Igal Szleifer /

Robert Latour)

+ Directed Tissue Repair
(Kevin Healy | Ravi Bellamkanda /
Dan Gazit / Frangols Auger)

+« Tissue Responses to Physical Stimuli
(Joyce Wong' Sangeata Bhatia /

David Kaplan)

+ Delivery of Therapeutics
(Shelly Sakivama-Elbert | Ravi Kane /
Lonnie Shea [ Kristi Kiick)

+ Advances in Biomaterials Engineering
{Jeff Hubbell | Jennifer Elisseeff /
Darrell Irvine)

+ Engineering Host Responses
[Julfa Babensee | Themis Kyriakides f
Jeff Davidson / Ron Gil)

+ Keynote 3: Physics and Technology
Discharged from Franklin's Kite
Experimant
(Monly Reichert | Robert McGrath)

BIDORGANIC CHEMISTRY

PROCTOR ACADEMY

AMDOVER, NH

JUN 10-15, 2007

JESSICA FRIEDMAM &

BLAKE PETERSON, CO-CHAIRS

PAUL RICHARDSON &

WILFRED VAN DER DONK, CO-VICE CHAIRS

= Single Molecules and Biophysical
Methods
(Clawdio Chuagui f Maria Pellegrini /
Robert Singer / Sunney Xie)

= Model Systems
{Sergey Savinoy | Matthew Francis /
Indraneal Ghosh / Jacqueling Barton /
Wilkiam DeGrado)

+ Frontiers in Enzymology
(Lizbeth Hedstrom | Robert Copeland /
Donald Hilvert [ Stephen Benkovic)

= Drug Design and Discovery
{Jofn Starrett / Jay Grobler / Stewart Fisher [
Andrea Cochran / Timothy Willson)

= Transcription Factors and DNA Repair
{Orlando Schaerer | John Koh /

John Essigmann / Gragory Verdine)

+ Visualizing Cellular Biology
{Jamas Chen ! Jennifer Lippincott-Schwartz /
Kai Johnsson [ Peter Sorger /

Tom Kirchhausen)

+ Molecular and Cellular Probes
{Jeffrey Bode [ Gregor Zlokamik [

Paul Hergenrother | Milan Mriksich)

« Emerging Areas in Chemical Biology
{Jason Gestwicki/ Helen Blackwell /
Micole Sampson / James Wells /
Gerald Crabtree)

+ MNew Paradigms in Bioorganic and
Medicinal Chemistry
{Brian Biagg / Dale Boger /

Andrew Hamilton / Francois Diedearich)

BONES & TEETH

UNNERSITY OF MEW EMNGLAND
BIDDEFORD, ME

JUL 15-20, 2007

PAMELA ROBEY, CHAIR
BREMNDAN BOYCE, VICE CHAIR

= Epigenetic Control in Skeletal Biology and
Pathology
{Gary Stairi | Anthony Imbalzano /
James Davie)

+ Skeletal Development
(Bforn Oisen § Stefan Mundlos [ Yingzi Yang /
Rudglf Grossched| / Gerard Karsenty)

= The Cell and Malecular Biology of Oral
Tissues
{Martha Somerman | Carolyn Gibson /
Paul Sharpe / Malcolm Snead)

= Bone and Hematopoiesis
(Pacle Bianco / Ana Cumana /
David Scadden / Toshio Suda)

+* Ostecimmunology
(Brendan Boyce | Roberto Pacifici /
Mary Bath Humphrey)

= Bone Metastases: Insight into
Mechanisms and Novel Treatments
{Theresa Guise [ Olivier Peyruchaud /
Yibin Kang / Kennath Pienta)

# FGF-23 in Calcium and Phosphate
Metabolism
{Gordon Sirewler | taru Urakawa |
Beale Lanske)

= The Biological Basis of Bone Therapies
{Serge Fermari | Jack Martin / Fraser Caxon /
Paul Kostenuik)

+ Special Lecture: Bicarcheology and
Hidden Truths of the Skeleton
{Jane Buiksira)

CALCIUM SIGNALLING
TILTON SCHOOL

TILTOMN, NH

JUL 8-13, 2007

INDL AMBUDKAR, CHAIR
ALEXEI TEPIKIN, VICE CHAIR

+« Membrane Domains in Signaling
{Jim Pulmay | Annetle Dolphin /

Barbara Baird)

+ Sensory and Transduction Mechanisms
(Donalkd Gill f Baruch Minke |
Welfgang Liedike / Tamas Balla /

Atsushi Miyawaki)

+« Ca™ Stores and Ca’* Release Mechanisms
[Kevin Foskett | David Yule /

Susan Hamillon [ Eduardo Rios)

« Mechanisms of Ca™ Entry
(Cofin Taylor [ Toblas Mayer | Anjana Rao /
Bemd Milius)

+* Organization of Channel-Signalling
Complexes
(Ofe Petersen | Katsuhiko Mikoshoba /
Richard Huganir / Clara Franzini-Armstrong)

+ Mitochondrial Ca®: Bioenergetics and
Mare
(Alexei Tepikin ! Tulio Pozzan /

Guy Ruiter / Wolfgang Graier)

+ Interaction of Ca™ with Other Signalling
Mechanism
( Shmuel Mualfemn | Alderbaran H /
Shamshad Cockcroft / John Scolt)

« Ca™in Physiology and Disease
(Emesto Carafoli | Gary Shull /

Rene Bindels / Daniella Pietrobon f
Pierluigi Micotera)

+ Keynote Lecture: TRP Channels: Roles
in Sensory Signal and Human Health and
Disease
(frdu Ambusckar | Craig Montell)

CANCER MODELS & MECHAMNIEMS

LES DIABLERETS CONFERENCE CENTER
LES DIABLERETS, SWITZERLAND

AUG 26-31, 2007

WILLIAM KAELIN, CHAIR

GERARD EVAN, VICE CHAIR

+« Keynote 1: Cancer Systems Bloloegy
{Marc Vidal)
+ Keynote 2: Advances in Molecular Imaging
{Chris Contag)
# Flies and Worms |
{Tian Xu / Morbert Perdman)
+ Flies and Worms 11
(Gary Ruvkun / Jo Anne Powel Coffman)
« Frogs and Fish |
(Stephano Piccolo / Jackie Lees)
+« Frogs and Fish Il
(Keith Cheng / Edwin Cuppen)
« Mice and Men |
(Erwin Wagner [ Andreas Trumpp)
« Mice and Men Il
(Gerard Evan / Ned Sharpless)
« Mice and Men Il
{Rene Bemards. / Wilhelm Krek)
= Chemistry and Nanotechnology
(Steven Quake / Tarun Kapoar)
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CANMABINOID FUNCTION IN THE CNS
LES DIABLERETS COMFERENCE CENTER
LES DIABLERETS, SWITZERLAND

SEP 30-0CT 5, 2007

MANUEL GUZMAN, OLIVIER MANZONI &
GIOWANNI MARSICAND, CO-CHAIRS
DANIELE PIOMELLI, VICE CHAIR

+ Opening Lecture: Cannabinoids - Quo
Vadimus
(Raphaal Mechoulam)

+ Endocannabinoid Signaling in the CNS
(Ken Mackie / Vincenzo Di Marzo /
Ben Cravatt / Daniele Piomedli)

+ Endoecannabinoids and Meuronal
Circuitry: Pain
(Andrea Hohmann / T. Philip Malan Jr. [
MacDonald J. Christia)

+« Endocannabinoids and Meuronal
Circultry: Learning and Plasticity
(Pabio E. Castilo | David Robbe /
Carsten Woljak)

+ Endocannabinolds and Neuronal
Circuitry: Reward
(Rafsel Maldonado | Taco J. de Vries |
Emmanuel Valjent)

+» Endecannabinolds: Neuroinflammation

and Signaling in Glial Cells

(Nephi Stella | David Baker f Carmen Guaza)

+« Endocannabinolds and Neural
Development
{David A. Greenberg / Tibor Harkany /
lsmael Galve-Roperh)

« Mew Tools in Cannabinold Research
(Beat Lutz ! Mauro Maccamrone [
Joseph P.Y. Kao)

+ Endocannabineids in Central and
Peripheral Matabolic Regulation
(Gevard Le Fur [ George Kunos /
Liberta Pagatia)

+ Closing Lecture: An Integrated

Prospective on Cannabinoids Research

(Gearge F. Koob)

Carbohydrate Synthesis |

{Bertram Fraser-Reid { David Crich /
Robert Field / Shang-Chen Hung /
Yasuhiro Kajihara)

Carbohydrate Synthesis |l

(Jacquelyn Gervay-Hague |
France-lsabelle Auzanneau / Mikael Bols /
Makala Kiso)

CATCHMENT SCIENCE: INTERACTIONS OF
HYDROLOGY, BIOLOGY & GEOCHEMISTRY
COLBY-SAWYER COLLEGE

MEW LOMDOM, NH

JUL 8-13, 2007

ELIZABETH BOYER &

HELEEN DE WIT, CO-CHAIRS

KEITH ESHLEMAN, VICE CHAIR

-

Back to Basics: New Insights into
Biogeochemical Cycles

(Bridget Emmetlt [ Nancy Grimm |

Osvaldo Sala / Joshua Schimel f

Whendee Silver / Ed Tipping)

Learning from Ecosystem Experiments
{Jan Mulder | Lindzay Rustad ! Rick Hooper)
Toward Prediction of Coupled Cycles in
Catchments

(Larry Band | Penny Johnes | Jack Cosby /
Christina Tague / Andrew Wade)

Exploring Hypotheses About DOC Trends
in Freshwaters

{Geonge Alken | Chrs Evans |

Chris Freeman [ John Stoddard)
Catchment Science Poster Presentations
(Meeting participants)

CARBOHYDRATES

TILTOMN SCHOOL

TILTOM, NH

JUN 17-22, 2007

TODD LOWARY & PENG WANG, CO-CHAIRS
PETER SEEBERGER &

STEPHEN WITHERS, CO-VICE CHAIRS

* Glycoengineering
(Steven Withers [ X1 Chen /
Tillman Gemgross [ Suzanne Walker)

+« Carbohydrate Processing Enzymes |
(Todd Lowary | Gideon Davies /
Paul DeAngells / David Vocadio /
Warren Wakarchuk)

= Carbohydrate Processing Enzymes |l
(Nicola Pohl ! James Naismith /
Martin Tanner / Lal-X1 Wang)

+ Glycopharmaceuticals |

(Peng George Wang |/ Linda Hsieh-Wilson /

Chi-Huey Wang / Biao Yu)
+ Glycopharmacauticals 1l
(Pefter Seeberger |
Chitrananda Abeygunawardana /
Geert-Jan Boons / Sun-Ichiro Nishimura)
« Structure and Bioinformatics
(Mary Cloninger [ Julie Leary /
Kay-Hool Khoa ! Christine Szymanski /
Claus-Wilhelm von der Ligth)
+ Conformational Analysis and NMR
Spectroscopy
{Allan Bush [ Andrew Almend |
Thomas Peters [ Robert Woods)

CATECHOLAMINES

MAGDALEN COLLEGE

OXFORD, UNITED KINGDOM

AUG 5-10, 2007

JILL BECKER, CHAIR

PATRICIO O'DONMELL, VICE CHAIR

Keynote Talk 1: Imaging the

Addicted Brain

{Tewry E. Robinson ! Hora Volkow)

Keynote Talk 2: Dopamine Cell
Transplantation in Parkinson's Disease
{Marie-Frangois Chessalot |

Anders Bjorklund)

Amino Acid - Dopamine Interactions
{Paul Batam [ Christlan Luscher /

Peter Kalivas / Mark Wightman)
Catecholamine and Neuroendocrinology
(Pawl Micevych [ Anne Elgen / Shaila Mani /
Elaine Hull f Zuosxin Wang)

Catecholamine Release and Transporter
Function

{Ban Westerink | David Sulzer |

Randy Blakely)

Catecholamines and Neuronal Function:
Lessons from Primates

(Suzanne Haber | Hagel Bergmann |

Paul Apicella f Charles Bradbemy)
Catecholamine Systems and Cognition
{Gary Aston-Jones | Craig Berridge)
Development, Differentiation, and Survival
of Catechelamine Meurons

(Gert ter Hovst | Lawrence Wilkingon [
Christel Westenbroek [ David Standaer)
Hot Topics

{Regina Careli)

GRADUATE RESEARCH SEMINAR:
CATECHOLAMINES

MAGDALEN COLLEGE

OXFORD, UNITED KINGDOM

AUG 3-5, 2007

JILL BECKER, JOMATHAN DILGEN,
CHERYSE FURMAMN, SHANNON HARDIE &
KYLE SMITH, CO-CHAIRS

The Gordon-Kenan Graduate Research Seminar
on Catecholamines is a three-day Gordon
Conference-style meeting exclusively for graduate
studenis and posidocioral fellows. Speakers

will be chosen from among the attendees. The
Catecholamines Gordon Research Conference
will take place at the same lacation, immediately
following the Seminar.

Catecholamine Regulation of Behavior,
Cognition, and Neurcendocrine Function
(Regina Carnell)

Involvement of Catecholamines in
MNeurological and Neuropsychiatric
Disorders

{Mancy Borini)

Molecular Mechanisms of Catecholamine
Signaling

(David Sulzer)

CELL BIOLOGY OF METALS

SALVE REGINA UNIVERSITY

NEWFORT, RI

JUL 28-AUG 3, 2007

ANDREW DAMCIS &

JOMATHAN GITLIN, CO-CHAIRS
VALERIA CULOTTA&

WALTER SCHAFFMER, CO-VICE CHAIRS

Metals into Cells

(Andy Dancis | Mary Lou Guerinat /
Dennis Thiele)

Metals in Endecytic and Internal
Compartments

{Simon Labbe | Caroline Enns /

Mark Fleming / Sharon LaFontaine /
Betty Eipper)

Mitoc hondria and Copper

(Caryn Outten | Dennis Winge f

Eric Shoubridge / Val Culotia)
Mitochondria and Iron

(Donna Gordon | Barry Paw |
Timathy Stemmiler / Sonta Lewv /
Susan Hayflick)

Metals in Chloroplasts and Plants
(Simon Knight | Kenneth Cline [
Marinus Pilon / Sabeeha Merchant)
Sensing of Metals in Organisms
(Amanda Bird | Nancy Andrews /
Tracey Rouault / Jerry Kaplan /
Walter Schaffner)

HNutrients, Metals, and Oxygen
(Migel Robinson | Richard Bruick /
Celeste Simon)

Metal Cofactors

(Pawa Fraenkel | Roland Ll f

Ralph Mendel / Michael Green / Igbal Hamza)
Maetal Allocation and Sensing
(Jorathan Gitlin { Thomas OHalloran /
Anne-Laure Bulteau f Dave Eide)

Hot Topics and Poster Presentations
[ Mick Petris | Kery Kornfeld)
Alexander M. Cruickshank Lecture:
Cellular Nutrient Homeostasis
(Erin O'Shea)
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CELL GROWTH & PROLIFERATION
UNIVERSITY OF MEW ENGLAMD
BIDDEFORD, ME

JUN 24-29, 2007

MICHAEL YAFFE, CHAIR

SALLY KORNBLUTH, VICE CHAIR

+ Keynote Talk 1: A Metabolic Switch for
Converting Cell Growth into Proliferation
(Cralg Thompsaon)

+« Keynote Talk 2: MitoCheck - A Combined
Genomics /| Proteomics and Chemical
Biology Approach to Study Mitosis in
Mammalian Cells
(Jan-Michael Peters)

+ Caell Cycle
(Wade Harper / Michele Pagano /

Angelika Aman / Michael Tyers /
James Femell)

+« Growth and G1 Control
{John Blenis / David Sabatinl /

Bob Duronio / Danmy Lew)

= Chromosome Replication and Dynamics
{Julian Blow / Anindya Dutta /

Lea Harringlon [ Vicki Lundblad /
Johannes Walter)

+ Mitosis
{Jen Pines / Bemard Ducommun |
Michael Glotzer f David Pellman)

+ DMA Damage and Cell Cycle Checkpoints
(Steve Elledge / Karlena Cimprich /

Rene Medema ! Bill Dunphy / Jiri Bartek)

+* Oncogenes and Tumor Suppressor Genes
(Laura Attardi f Alea Mils / Eilean White /
Scott Lowe)

+ Signal Transduction / Stem Cells
(Jean Wang / Sally Kornbluth /

Karan Clehowski / Carla Bendar-Kim /
Angel Nebreda)

+ Cancer and Cancer Models [ Clinical
Applications
(Bill Hahn / M. Celeste Simon [

Peter Friedl / Peter Jackson)

CELL-CELL FUSION

COLBY-SAWYER COLLEGE

NEW LONDON, NH

JUL 16, 2007

AGNES VIGMERY & DIANAMYLES, CO-CHAIRS
WILLIAM MOHLER, VICE CHAIR

+ HKaynote Talk: Membrane Fusion
{James Rothman )
+ Viral Fusion
(Leonid V. Chemomardik [
Margaret Kielian [ Yves Gaudin)
+ Sperm-Oocyte Fusion
(Diana Myilas | Masaru Okabe)
* Myoblast Fusion
(Susan Abmayr | Elizabeth Chen /
Anton Bennett / Mary K Baylies)
« Fusion in C. elegans
(Wiliam Mohier / Benjamin Podbilewicz )
+ Yeast Mating
(Jodi Numnari | Erc Grote)
« Cell Fusion in Neurospora crassa and in
Chlamydomonas
(Lowise Glass { Wilkiam J. Snell)
« Macrophage Fusion
(Agmés Wgnery | Toshio Suda /
Themis Kyriakides)
« Life and Death: Stem Cell and Metastasis
{Yuri Lazebnik | Dominik Duelii)

CELLULAR OSMOREGULATION: SENSORS,
TRANSDUCERS & REGULATORS

CENTRE PAUL LANGEWVIN

AUSS0IS, FRANCE

JUM 3-8, 2007

RAINER HEDRICH & PALUL YANCEY, CO-CHAIRS
VALERIE DAGGETT, VICE CHAIR

+ Keynote Talk1: Physiology and
Pathophysiology of CLC Anion Channels
and Transporters
(Thomas Jentsch)

+ HKeynote Talk2: Turgor and Stress
Relaxation in Growing Plant Cells -
Dynamics and Molecular Underpinnings
{Danial Casgrove)

= ODsmosensing and Regulation in Microbes
{Colin Hil | Kartheinz Altendorf /

Boris Martinac / Susanne Marbach f
Bert Poociman / Bodil Nordlander)

= Animal Volume Regulation — Transporters
{Morris Baslow [ Jay M. Baltz /

Stine F. Petersen / Eric Delpire)

= Animal Volume Regulation = Dissase
{Cive Baumgarien | Jennifer Bedford /
Martha E. O'Donnall / Yasunobu Okada /
Philippe Gual)

« Animal Volume Regulation - Signal
Transduction
{Florian Lang | Wolfgang Liedike /

Elza K. Hoffmann f Freimut Schliess)

=  Macromolecule-5clute-Water Interactions
{Zoya lgantova | George Rose /
Montgomery Pettitt / David S. Cafiso /
Matalia A. Chebolareva)

= ODsmoregulation in Algae - Genes, Solutes
and Transporters
{Ralner Hadrich | Colin Brownles /

Andreas Weber [ Uirich Zimmermann)

= Osmoregulation in Higher Plants - Genes,
Solutes and Transporters
(Mava Moran | Jose Pardo / Wel-Hua Wu /
Morbert Sauer / Rob Roelfsema /

Jose A. Feijo)

+ Osmoregulation in Higher Plants - Impact
of Vacuolar Transport
{Petra Dietrich { Enrico Martinoia /
Menachem Mashelian /|
Helene Barbier-Brygoo)

CELLULASES & CELLULOSOMES
PROCTOR ACADEMY

AMDOVER, NH

JUL 29-AUG 3, 2007

MARK MORRISON, CHAIR

HARRY GILBERT, VICE CHAIR

+ Setting the Stage: Matching Enzyme and
Substrate
{Dowg Eveleigh | Tuula Teeri / Ed Bayer)

= Call Wall Architecture and Display
(Mike Himmel | Shi-You Ding / Harry Brumer f
Arthur Ragauskas / Junj Sugiyama)

+ Glycoside Hydrolase Structure and
Function - Cellulosomal Module
Interactions
{Jean-Piarre Belaich |
Veronique Receveur-Brechot /

Carlos Fonles / Steve Smith)

= Glycoside Hydrolase Structure and
Function - Catalytic Domains
{David Wilson | Tracey Gloster [

Anna Larsson / Mifam Czjzek)

= Glycoside Hydrolase Structure and
Function - CEMs and X-Domains
{Roey Doil Bill Willals | Wade Abbott /
Elodie Gaulin)

+ Prokaryote Genomics
( Yuwal Shoham / Bamard Henrissat /
Steven Hutcheson / Justin Sonnenburg /
Phil Hugenholtz)

+ Eukaryote Genomics
[ Dary Cedllen |
Amber Vanden Wymelenberg / Nina Aro)

+ Rational Design, Directed Evolution and
Prospecting for Superior Enzymes
{Hanri-Figrre Fierobe [ Colin Mitchinsan /
Jonathon Caspi / Kevin Gray / Mark Nimbas)

s Cellulases, Cellulosomes and
Carbohydrate Active Enzymes in
Enginecred Processes
(Tony Warmen / Mike Ladisch f Lee Lynd)

CERAMICS, SOLID STATE STUDIES IN
PROCTOR ACADEMY

ANDOVER, NH

AUG 5-10, 2007

RANDALL HAY, CHAIR

HELEM CHAN, VICE CHAIR

= Complex Oxides: Issues and Challenges
{Caral Handwerker [ Ivar Reimanis /

Lynn Boatner)

« High Temperature Structural Ceramies:
Oxides - Processing and Properties
(Frank Zok / Reinhard Simon / Jay Lane)

« SiC Ceramics: Applications and lssues
( Tripticane Partha sarathy /

Toshihire Ishikawa / Pirouz Pirouz)

« Ultrahigh Temperature Ceramics
(Kathleen Sevener/ David Marshall /

John Halloran / Bill Fahrenhollz)

« Deformation
{Edand Schulson)

+ Processing, Stability, and Applications of
Non-Oxide Structural Ceramics
(Greg Morscher | Krishan Luthra /

Tatsuki Ohji / Beth Opila)

+« Oxides: Nucleation and Growth
(Bil Petuskey | Geoff Fair f Laszlo Granasy)

+ Functional Ceramics: Modeling and
Application
(Greg Rohrer f Gerbrand Ceder /

Richard Gentilman / G. Scatl Glagsemann)
+« Energy Sources
{Randy Hay [ Ken Defleyes)

CHEMICAL OCEANOGRAPHY
TILTON SCHOOL

TILTON, NH

AUG 5-10, 2007

EOWARD BOYLE, CHAIR
ROBERT ALLER, VICE CHAIR

» Organic Geochemistry: Molecular
Identification and Compound-Specific 14C

= Ocean Productivity, COZ and Ocean

Acidification

Geochemical Paleoclimate

MNutrients

Trace Metal Interactions with Organisms

Sediment Geochemistry

Technology | Sensors [ New Analytical

Methods

Stable lsotopes

Gases
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CHEMICAL SENSORS & INTERFACIAL DESIGN
SALVE REGINA UNNERSITY

NEWPORT, RI

JUL28-AUG 3, 2007

ANTHONY COLEMAN, CHAIR

MATTHEW COOPER, VICE CHAIR

+ Interfacing Molecular Molecular
Recognition to Sensors
(Anthony W. Coleman f AP. de Silva /
Marius Andrub}

« New Interfacial Materials - Porous and
Men-Porous Solids
(Scott Dalgrano | John Ripmeester /
Mochamed Eddaoudi / Dongwhan Lee)

+ Label Free Sensors 1
(Reginald Penner [ John Parkes [
Jiri Homoda)

« Label Free Sensors 2
(Edward Zelers | Israel Rubenstain /
Luke Lee / Brian Cunningham)

+ Interfaces for Bio-Sensors
(Thomas Schrader / Yong-Tae Chang)

+ Armray Technologies for Interfacial
Construction
(Jiri Janata | David Reinhoudt /
Sebastien Vidal f Chad Mirkin)

+ Short Talks - Selected Posters
(Matthew Cooper)

+ Integrated Sensor Systems
(Hank Wahiffen | Cindy J. Bruckner-Lea /
Male Lewis / Tim Gibson)

+ MNew Interfaces - From Academia to
Industry
(Lisa Hall | Mary Reppy / Herve Perron)

CHROMOSOME DYNAMICS
UNMNERSITY OF NEW ENGLAND
BIDDEFORD, ME

AUG 1217, 2007

M. PATRICK HIGGINS, CHAIR
JULIA COOPER, VICE CHAIR

= Keynote Talk: Control of Transcription
Involves Topo I, Phased Nucleasomes,
and DNA Repalir
{Joeff Rosenfeld)
« Tracking Chromosome Movement In Vivo
(Jan Ellenberg / Mancy Kleckner /
Alan Grossman / Stuarn Austin /
David Sherratt)
+ Coordinating Repair, Replication, and
Recombination
{Sue Lovelt / Kenneth Kreuzer /
Susan Forsburg / Steve Bell)
= Mechanisms of Chromosomal Attachment
{Frank Unhlmann / Barb Funnell /
Ken Gerdes / Jeff Erington)
+ Marking and Checking Chromosome
Behavior
{Ted Weinert / Gary Karpen /
Rolf Stemglanz / Gary Karpen)
+ Controlling Steps in Segregation
{Scott Hawley / Donald Cleveland /
Abby Dernburg / Sigal Ben-Yehuda /
Terry Orr-Weaver)
# Muscling DNA Around
{John Marko f James Berger / Reid Johnsan)
+ Telomeres and Chromosome Evelution
(Ginger Zakian [ Julle Cooper /
Rachel O'Nelll / James Haber)

COASTAL OCEAN MODELING
COLBY-SAWYER COLLEGE
NEW LONDOM, NH

JUM 17-22, 2007

FRANCISCO WERNER, CHAIR
RICHARD SIGNELL, VICE CHAIR

« Integration of Modeling and Observing
Systams
(Hufiie Xue | Madia Pinardi [ John Wilkin)
+* Bio-Physical Modeling
(Charfes Hannah [ Margaret McManus /
Marjore Frisdrichs / Elizabeth Morth)
= Atmosphere-Ocean Interaction
(Julie Puien | Fabrice Ardhuin /
Carol Anne Clayson)
« Data Assimilation
{Philip Bogden /| Emanuel Dilorenzo /
Herman Gerrilsen | Piare De Mey)
+« Model Coupling and Adaptive Grids
{Jokn Wikin / Timothy Campbel
Matthew Piggott)
+ Hurricane / Severs Storm Modeling
(Frank Aikman | Donald Resio f
Shuyi Chen / Rick Luettich)
« Skill Assessmeant
(Danied Lynch [ Charles Stock /
Roger Proclor)
« Sediment Transport and
Geomorphological Modeling
(Richard Signell |
Jan Adriaan (Dano) Roelvink /
Carl Friedrichs / Tian-Jian (Tom) Hsu)
s«  Multiscale Modeling
{Mark Stacey ! Alberio Scotll / Oliver Fringer)

CHEMISTRY EDUCATION
RESEARCH & PRACTICE

BATES COLLEGE

LEWISTON, ME

JUN 24-29, 2007

CHRISTOPHER BALER. CHAIR
THOMAS GREENBOWE, VICE CHAIR

+ Interacting with the Nano World
(Robert Lichter [ Loretta Jones ! Gail Jones)

+ Particulate Representation
(Michael Abraham | Robert Tinker /
Vincente Talanquer / Barbara Gonzales)

+ [Investigative Approaches
(Susan Lewis | Kevin Dunbar /

Chris Rasmussan)

+ Student Thinking and Performance
|Melanie Cooper | Stacey Lowery Brelz /
Philip Sadier / Mare Taagepera)

+« Curricula in Context
(Jemry Bell f Peter Nentwig /

James Hulchison)

+ Epistemology and Knowledge
Construction
(Marcy Towns /! William Harwood /
David Hammer |/ Michael Klymkowsky)

+ Student Problem Solving
{Diane Bunce | Norbert Pienla /
Chandralekha Singh)

+ Learning Environments
(Maria Olver-Hoyo / David Yaron)

= Learning within Cultural Contexts
{Thomas Greenbowe [ Amy Shachter /
Gabriela Weawver)

CLUSTERS, NANOCRYSTALS &
MANOSTRUCTURES

MOUNT HOLYOKE COLLEGE

SOUTH HADLEY, M#&,

JUL 29-AUG 3, 2007

A, WELFORD CASTLEMAN JR., CHAIR
HELLMUT HABERLAND &

DAVID NORRIS, CO-VICE CHAIRS

= Molecular Electronics
(Jim Heath | Stan Williams | Mark Ratner)
+ Catalysis
{Vasia Bonaclc-Koutecky |
Peter Armentrout / Tamotsu Kondow)
« Clusters and Materials
{Atsushi Nakajira | Shiv Khanna / Kojl Kaya)
= Cluster Reactivity
{Martin Jarrold | Ori Cheshnovsky [
Manfrad Kappes / Helmut Schwarz)
= Characterization
{Joel Parks / Paul Weiss)
+ Photonics and Optical Interactions
{Mike Durcan | Mostafa El-Sayed /
Lou Brus / George Schatz)
= MNanostructures
(Uzf Landman [ Catherina Brechignac /
Mobuyuki Nishi)
+ Cluster Deposition
(Walfgang Harbich | Mike White /
Scott Anderson [ Kar-Heinz Mehves-Broer)
= Cluster Properties
{Puru Jena [ Kit Bowen / Lai-Sheng Wang)

COLLAGEN

COLBY-SAWYER COLLEGE

NEW LONDON, NH

JUL 2227, 2007

DAVID BIRK, CHAIR

LEENA ERUCKNER-TUDERMAN, VICE CHAIR

+ Collagens: Molecular Structure &
Aszsembly
(Billy Hugson f Barbara Brodsky [
Jamshid Khoshnood / Shireen Lamanda)

+ Regulation of Collagen: Transcription,
Splicing and Trafficking
(Linda Sandell | Audrey MecAlinden)

+ Collagen-Protein Interactions
[(Magnus Hook | Richard Farndala)

= Supramolecular Assemblies & Interactions
in the Matrix
(Peter Bruckner | Jean Schwarzbauver /
Daniela Villone / Markus Ruegg)

= Extracellular Matrix Processing and
Turnover
{Daniel Greenspan [ Suneal Aple |
Luisa Iruela-Arispe / Kard Kadler)

= Genetics and Collagens
[ Kathy Cheah [ Pui-Yan Kwaok / Danny Chan)

+« Ceall-Matrix Interactions
{Donald Guillberg | Beale Eckes f
Walfgang Vogel / Taina Pihlajaniemi)

+ Collagen Diseases & Animal Models
(John Bateman | Brendan Lee /
Francesco Ramirez)

= Tissue Engineering & Regenerative
Medicine
{ Viadimir Mironov /| Nicolas LHeureux /
Peler Lelkes / Richard Visconli)
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COMEINATORIAL CHEMISTRY
COLBY-SAWYER COLLEGE
NEW LONDOM, NH

JUN 3-8, 2007

DARYL SAUER, CHAIR

PAUL HANSON, VICE CHAIR

+* HNew Technologies and Drug Discovery
(Dand Saver { Tom Beattie [ Jim Summears /
Steve Street)

+ Organic [ Bio-Organic Chemistry
(iver Kappe |/ Stephen Martin |
Bruce Lipshutz f Valery Folkin)

s Libraries for Chemical Biology
(Kip Guy / Ben Cravatt / Doron Greenbaum /
Jack Taunton | Jeremy Mallari)

+ Academic Combichem / Library
Generation
(A. Ganesan | lan Baxendale /
Sergy Kozmin / Dave Bergbreiter / Mikki Pohl)

+ Enabling Technologles in Drug Discovory
(Paw Wiedeman/ Mark Ladlow [
Craig Lindsley | Steve Haswell)

+ HNIH Roadmap Projects
{John Schwab / James Panek / Jeff Aube /
Jared Shaw [/ Peter Wipf )

+ Case Studies 1: Medicinal Chemistry
(Craig Lindskey | Scolt Wolkenberg /
Andrew Combs [ Joe Salvino)

« Case Studies 2: Medicinal Chemistry
(Joe Salvino | Chris Sarko [ Jim Leahy /
Ron Dolle / Ralph Rivero)

+ Structural Approaches and Drug Design
(Philip Hajduk | Rod Hubbard /
Jonathan Moore | Danlel Wyss /
M. Pellecchia)

Morphelogy of Complex Structures
Self-Assembled Superstructures
Nanotubes and Nanoparticles
Phatonic Materials

Pattern Dynamics

COMPUTER AIDED DRUG DESIGN
TILTON SCHOOL

TILTOM, MH

JUL 28-AUG 3, 2007

RICHARD LEWIS, CHAIR

BRIAM SHOICHET, VICE CHAIR

+ Fragment-Based Screening
{(Jim Wells / Phillip Hajduk)
# Chemical Information & Target 1D |
(Peter Willett / Babby Glenn / Paul Clemaons)
+« Chemical Information & Target ID I
(Andrew Hopkins )
« Protein-Protein Interface Inhibitors
[Lynna Regan / Shoameang Wang)
« Mew Advances in ADME
{Franco Lombardo)
« Binding Affinity and Flexibility
(Mike Gilsan / Arieh Warshel ! Ivel Bahar)
+ Advances in Membrane Proteins
Structures
{Robert Stroud | Krzysziol Palczewskl)
+ Docking & Scoring
(Ruben Abagyan / Matt Jacobson /
Marcel Verdonk)
+ Energetics and Drug Design
(Bill Jorgensen)

DETECTING ILLICIT SUBSTANCES:
EXPLOSIVES & DRUGS

BIG SKY RESORT

BIG SKY, MT

SEP 16-21, 2007

MATTHEW BROOKES &

AMY WATERS, CO-CHAIRS

LOUIS WASSERZUG, VICE CHAIR

» MNew Concepts for Detection: Emerging
Science and Technology
{Dave Atkinson)

= Systems Approaches and Technology
Integration
{Mark Embrechis)

+ Forensics and Chemical Surveillance
(Sean Doyle)

+ Humanitarian Demining
{Claudio Bruschin)

= Novel Explosives
(Shabana Hague)

= People Screening
{Barry Smit)

« Baggage Screening
(Harry Martz)

« Cargo and Vehlcle Screening
{Jaap de Ruiter)

+ Special Session: Graduate Student
Presentations
{Lou Wasserzug)

DEVELOPMENTAL BIOLOGY
PROCTOR ACADEMY

AMDOVER, NH

JUM 24-29, 2007

STEPHEN COHEN, CHAIR
ALEXANDER SCHIER, VICE CHAIR

+ Asymmetry and CNS
{Stephen Cohen)

= Signaling, Morphogenesis and Patterning
(Oivier Pounquie)

#* Evolution and CNS
{Eric Dawvidson)

= Growth Control
(Norbert Pemrimon)

= Genomics / Regulatory Networks
{Ruth Lehmanmn)

+ Organogenesis
{Alex Schior| Latra Johason)

= Stem Cells [ Regeneration
{Elizabeth Robertson)

CONDENSED MATTER PHYSICS

LES DIABELERETS CONFERENCE CENTER
LES DIABLERETS, SWITZERLAND

AUG 18-24, 2007

ROBERT MAGERLE, CHAIR

DAVID NELSON, VICE CHAIR

+ Molecular Electronies
+ Organiclinorganic Interfaces
+ Bioinspired Materials

DRUG METABOLISM
HOLDERNESS SCHOOL
PLYMOUTH, WH

JUL 8-13, 2007

JAE LEE, CHAIR

TIMOTHY TRACY, VICE CHAIR

» HKeynote Speaker: Bloactivation in Drug
Metabolism. How Far Have We Come in
Understanding the Phenomenon?

{ Tern Bailie)

« MNon-CYP Enzymes and Oxidative
Metabolism
(Christing Beeaham ! Chrstine Beedham /
Enrico Garratini / Vasilis Vasiliou /
Jahn Cashman)

+« Impact of Protein-Protein Interaction on
Metabolism
(Wayne Backes | Grover Paul Miller |
Byron Kemper [/ Wayne Backes)

= [n Vive Relevance of in Wtro Transporter
Tools
(Rommel Tirona | Jose Manautou /
Rommel Tirona / Richard Kim)

= Transportor DDI; Pharmacological
Ramification
(Erin Schuetz | Jos Polli / Jash Unadkat /
John Schuetz)

+« The Ilnnate Immune System and
Idiosyncratic Drug-nduced Liver Toxicity
(Robart Roth | Mell Kaplowitz /
Patricia Ganey / Hisham Hamadeh /
Edward T. Morgan)

+ Selected Presentation from the Poster
Session
{Henry Strobed)

+ ADME Computational Models
(Scott Boyer | UIf Norinder / Yvonne Martin /
Tudor Oprea / Scoft Boyer)

= Disposition and PK/PD of Biologics
(David Lau | Paul Fielder / Honghui Zhouw |
Kameash Kuchimanchi)

DYNAMICS AT SURFACES
PROCTOR ACADEMY
ANDOVER, NH

AUG 1217, 2007

BRET JACKSON, CHAIR
SYLVIA CEYER, VICE CHAIR

& Scattering from Liquids
{John Morris | Gil Nathanson / David Mesbitt)
+« State-to-State Dynamics
(Didier Lemoine [ Alec Wadtke /
Geer-Jan Kroes / Rainer Beck)
+ Adsorbate Dynamics
(Kristen Fichthom | Andrew Jardine /
Ellen Backus)
+« Mon-Adiabatic Effects
{John Tully / Karina Morgenstern /
Mats Persson / Christian Frischkorn)
« Dynamics of Desorption
[ Stephon Holloway | Phil Coben [
Peler Saalfrank)
+ Ultrafast Dynamics
(Tony Heinz { Y. Ron Shen [ Hrvoje Patek |
Bradley Siwick)
+« Water at Interfaces
(Mary Shullz [ Ger Richmond /
Gregory Kimmel)
« MNano-Scale Structures
{Dinko Chakarow | Tamar Seideman /
Jason Crain /| Andrew Rappe)
+ Young Investigator Program
(Bruce Kay)
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ELASTIN & ELASTIC FIBERS
UNIVERSITY OF MEW ENGLAMD
BIDDEFORD, ME

JUL28-AUG 3, 2007

ELAINE DAVIS, CHAIR
ANTHONY WEISS, VICE CHAIR

+ Molecular Structure and Properties of
Elastin
(Robart Mecham [ Régis Pomés |
Teny Tamburra [ Anthony Weiss)

+ Microfibril Ultrastructure and Assembly
(Cay Kielty | Clalr Baldock /

Penny Handford / Robert Mecham /
Dieter Reinharndt)

« Ewvolution and Functional Analysis of
Elastic Fiber Proteins in Non-Mammalian
Models
(Fred Keeley | Stephen Ekker / Bruce Vogel)

» Elastic Fiber Assembly
(Charlie Little | Cay Kielty / Rocky Tuan)

+ Regulation of Growth Factors and Cell
Function by Elastic Fiber Proteins
(Lyrn Sakai/ Glorgio Bressan / Dan Rifkin)

+ Heritable Diseases of the Vascular
System: Basic Science and Therapeutic
Advances
{Dianna Mitewicz | Hal Dietz /

Robert Thompson)

= Elastic Fiber Function in Skin
Development, Disease and Aging
(£soit Urban [ Anne De Paepe § Alex Hinek /
Vicletta lolsova-Stone)

« Elastic Fiber Pathogenesis in Destructive
Diseases of the Lungs
(Marlene Rabinovitch | Richard Bland /
Ronakd Goldslein / Steve Shapira)

ELECTRON DISTRIBUTION & CHEMICAL
BOMDING: DYMAMICS AND DENSITIES
MOUNT HOLYOKE COLLEGE

SOUTH HADLEY, MA

JUL 1-8, 2007

CARLO GATTI, CHAIR

DYLAN JAYATILAKA, VICE CHAIR

+ ‘Where Are We Now, Where Ara We Going?
{Robert Stewart / W.H. Eugen Schwarz /
Mark Spackman)

+ Time Resolved Spectroscopy, Structure
and Bonding: The Present
{Claude Lecomte | Philip Coppens /

R.J. Dwayne Miller / Majed Chergui)

+ Time Resolved Spactroscopy, Structure
and Bonding: The Futura
{Jochen Schneider | Massimo Altarelli /

Jerry Hastings / Henry Chapman)

+ High Throughput or Quality: Alternative
Paths for X-ray Diffraction
{Bo Iversen | Alan Pinkerton / Mike Probert /
Hans-Beat Buargi)

= New Techniques and Tools for Structure,
Bonding and Properties in Biology
{ Sire Larsen | Pieter Glatzel / Chrif Matta)

+ Toward Charge Densities for Proteins:
Which Database to Use? WIill Blologists
Care?

{Paul Papelier | Alberto Podjarmy /
Christian Jelsch / Pauline Dominlak
Birger Dittrich)

+= Progresses in Electron Diffraction
(Kenj Tsuda / Chong-Yu Ruan [ Jesper Friis)

« Chemical Concepts from Electron Density:
Theory vs. Experiment
(Richard Bader | Wolfgang Scherer /

EMZYMES, COENZYMES &
METABOLIC PATHWAYS
UNIVERSITY OF MEW ENGLAND
BIDDEFORD, ME

JUL 8-13, 2007

SQUIRE BOOKER &

NIGEL RICHARDS, CO-CHAIRS
LIZBETH HEDSTROM &

MICOLE SAMPSON, CO-VICE CHAIRS

* In Vivo Approaches to Monitoring Enzyme
Action and Metabolic Pathways
(Paul Adams | Erin O'Shea / Sunnay Xia)

= MNovel Metabolic Pathways
(Barbara Gemratana ( John Cronan /
Joseph P. Noal / David Shemman)

« Mechanisms of Post-Translational
Medification
(Philip Cale [ Raymond Trievel /

Stuart Licht { Dorothy Beckelt)

« Enzymology of Oxygen Activation
(Judith Klinman [ Wison Francisco /

Asirid Grashund / Justine Roth /
John Lipscomb)

+« Tunnels Holes and Substrate Channeling
(Frank Raushel | Thomas Leyh [

Osnal Herzberg / Dietar Soll)

+« Enzymes In Cofactor Blosynthesis, and
Mechanisms of Cofactor Action
(W.W. Cleland { Vahe Bandarian |
Bruce Palfey / Mare Alda Gilles-Gonzalez |
Dieter Jahn)

« Metallo-Cofactors in Enzyme Reactions
(Anna-Frances Miller | Markus Ribbe |
Marty Bollinger / Dianne Mewman)

= Enzymes in Discase
(Peter Tummina / Clifton Barry /

» New Advances in Elastogenic Miguel A. Blanco | Louls Farrugia) Cralg Townsand / Dave Parcival)
Biomaterials and Bloengineering = Densities, Density Matrices and + Frontiers in Enzymology
{Anthony Weiss / Laura Niklason / Wavefunctions (in honor of V.H. Smith} {JoArne Stubbe | Tadhg Begley /
Maren Wyavahare / Joyce Wong) (Afit Thakkar { Wolf Weyrich / David Mazziotti) Christopher Walsh)

ELASTOMERS, NETWORKS & GELS ELECTRONIC MATERIALS, CHEMISTRY OF EFPIGENETICS
COLBY-SAWYER COLLEGE MOUNT HOLYOKE COLLEGE HOLDERMESS SCHOOL
NEW LONDON, NH SOUTH HADLEY, MA PLYMOUTH, NH

JUL 15-20, 2007 JUL 22-27, 2007 AUG 5-10, 2007

H. HEMHING WINTER, CHAIR CHRISTOPHER CHIDSEY & AMME FERGUSOMN-SMITH &

JUDIT PUSKAS, VICE CHAIR

s+ Elastomers
(James Mark [ Claude Cohen)
+« Reinforced Networks
(Takejl Hashimoto / Robert K. Prud'homme /
Francois Boueg)
+ Rheological Properties
(Gregory B. McKenna / Gareth McKinley)
+ Biological and Biomedical Network
Polymers
(Paul Janmey / Wollgang Losert /
Christopher M. Bowman )
+« Functional Metworks
(Walter Richtering / Annatle Schmidi)
+ Chain Dynamics
{Kay Saalwaechter / Jens-Uwe Sommer /
Eric Furst / Madeleine Djabourov)
« Gels
(Surita Bhatla / Moshe Gottlieb)
= Elastomer Synthesis
Katsutoshi Haraguehi /
Krzysziof Malyjaszewski / Wayne Cook [
Judit Puskas)
« Outlook
{Richard Stein)

GARY TAYLOR, CO-CHAIRS
JILLIAN BURLAK &
CHRISTOPHER MURRAY, CO-VICE CHAIRS

« Samiconductor Nanoelectronics: What's
Needed for Dense Circuits Below 20nm?
Advanced Materials for Nanoe lectronics
Leading-Edge Packaging Technology
Organic Molecular Architectures
Adventures in Nanoplasmaonics

Growth and Properties of 1D
Semiconductor Nanostructures
Solf-Assembled Nanostructures

Beyond Silicon Photovoltaics

+ Carbon-Basad Electronic Materials

STEVEN JACOBSEN, CO-CHAIRS
UELI GROSSMIKLAUS &
JEANMIE LEE, CO-VICE CHAIRS

« Histone Modifications and Varants
(Sarah Elgin / Steve Henikoff /
Hiten Madhani / Karolin Luger /
Temry Magnuson / Justin Goodrich)
« The Dynamic Nucleus
{Jasper Rine | David Specior / Edith Heard /
Peter Fraser { En Li/ Vincenzo Pirotta /
Ting Wu)
+ Epigenomics
(Steve Jacobsen | Bradley Bemstein /
lan Dunham / Rob Martienssen /
Peler Jones)
+ TheRoles of RNA L& I
(Bill Kety [ Marfori Matzke /
David Baulcombe / Philip Zamare |
Bob Kingston f Vikki Chandler /
Craig Pkaard / Shiv Grewal / Denise Barlow)
+ DMA Methylation
(Jorn Walter [ Efc Selker / Tim Bestor /
Hiro Sasakl / Judith Bender /
Xiaodong Cheng)
« Imprinting, Dosage Compensation and
Chromosomal Mechanisms
{Emma Whitedaw [ Lleli Grossniklaus. /
Marisa Bariolomei / Jeannie Lee /
Barbara Meyer [ Jim Birchlar)
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+ Epigenetics in Developmental Processes
(Tomoko Kaneko-lshino / Renato Paro [
Rudolph Jaenisch / Laura O'Meill /

Azim Surani / Wolf Reik)

+ Epigenetics and Disease
{Amar Klar | Olivier Vioinnet / Asifa Akhtar /
Steve Baylin / Mike Higgins)

+ Epigenetics, Environment and Evolution
(Jean Finnegan | Phil Avner | Eric Richards /
Rick Amasino)

EPITHELIAL DIFFERENTIATION &
KERATINIZATION

BRYANT UNIVERSITY
SMITHFIELD, RI

JUL 28-AUG 3, 2007

G. PADLO DOTTO, CHAIR
PIERRE COULOMBE, VICE CHAIR

+« Global Approaches
(E. Fuchs / M. Perrimon /5. Schreiber)
+ Development and Cancer
(A Dlugosz / 5. Millar / F. Wartt
A. Balmain [ B. Edgar)
+« Stem Cells and Gene Therapy
(G. Cotsarelis / Y. Barrandon / M. Deluca)
« Transcription
(D. Roop / F. Chambon / H. Chang /
E. Wagner [ M., Brown)
« lssue Rising Session |
(Speakers from the floor)
+ Differentiation and Signaling
(H. Baden / P. Khavari / P. Coulombe /
W. Wahli / H. Timothy)
+ [lssue Rising Seasion Il
(Speakers from the floor)
+ Cell Adhesion and Morphogenesis
(K. Green [ A. Christiano / C.M. Chuong /
R. Faessler [ R. Kopan)
& Skin as an Integrated Organ
(M. Herdyn / L. Coussans / 5. Werner)

EXCITATORY SYNAPSES & BERAIN FUNCTION
COLBY-SAWYER COLLEGE

MEW LONDOMN, NH

JUN 10-15, 2007

ROBERT MALENKA, CHAIR

CHRISTOPHE MULLE &

GARY WESTEROOK, CO-VICE CHAIRS

+ Experience-Dependent Plasticity
{Keynote Lectures)
(Mark Bear / Hollis Cline)
+ Presynaptic Mechanisms
(Cralg Gamer [ Mils Brose / Hugo Bellen /
Tom Sudhof / Rob Edwards)
= Glia and Synaptic Function
(Cralg Jahr | Stephane Ofiet / Shumin Duan)
+ Technology Advances
{Pam England / Karl Deisseroth /
Alla Karpova / Daniele Chogquet)
= Development
{Vivian Budnik / Anirvan Ghosh / Lu Chen /
Sari Lauri)
+ Structure and Spines
(Jesse Kastrup / Mark Mayer /
Wen-Biao Gan / Bemardo Sabatini)
+ Disease
(Juke Kaver ! Jans Sullivan / Marna Wolf [
Jeff Conn}
« Cell Biology
(Shigeo Okabe / Bob Wenthold /
Morgan Sheng / Rick Huganir)
+ Synaptic Plasticity
(Wade Regher / Allison Barth /
Christophe Mulle / Graham Collingridge)

EVOLUTIONARY & ECOLOGICAL
FUNCTIONAL GENOMICS

SALVE REGINA UNNERSITY
NEWPORT, RI

JUL 8-13, 2007

GREG WRAY, CHAIR

SCOTT EDWARDS, VICE CHAIR

+ Interactions Between Species
(Sarah Via / Phillipe Reymond)

+« Ewvolution of Regulatory Networks
{Mike Eisen/ Julio Collade-Vides /
Eddie Holmes)

+ Responses to Stressors
(Audrey Gasch / Theadore Margan)

« Speciation
(Hans Hofiman / Mohamed Noor /
Legnie Moyle / Craig Albertson)

= Physiological Ecology
(Doug Crawford / Adam Marsh)

+« Genomic Architecture of Genetic Variation
(Marie-Anne Felix / David Rand)

+ Sexual Selection
(Robert Brooks ! Owen McMillan )

+ Reconstruction and Analyses of
Ancestral Sequences
(Matheiu Blanchette [ Belinda Chang /
Eric Gaucher)

+ Transcription and Evolution
(Rachel Brem / Sergy Muzhdin)

FERTILIZATION & ACTIVATION OF
DEVELOPMENT

HOLDERMWESS SCHOOL
PLYMOUTH, NH

JUL 15-20, 2007

GEORGE GERTOM, CHAIR
ALBERTO DARSZON, VICE CHAIR

« Post-Testicular Maturation of Sperm
{Patricia Cuasnicu / Daniel Johnston f
R. John Atken / Mariana F. Wolfner)
+ Role of the Female Reproductive Tractin
Gamete Interactions
{Steven L'Hemauwlt | Susan Suarez f
Tadashi Baba)
= Chemotaxis and Sperm Motility
{Doug Chandler f Michasl Miller /
Debbie O'Brien)
= Sperm-Oocyte Extracellular Matrix
Interactions
{Darvie! Hardy [ Willilam J. Snell /
Jurrien Dean)
+ Sperm Signaling
{Alberto Darszon | Pablo Visconti /
Claudia Tomes)
= Docyte Arrest and Egg Activation
(Janice Evans | Karl Swann /
Lynda McGinnis / Alexel V. Evslkov)
« Polarity of Egg and Early Embryo
(Carmen Williams | Takashi Hiragi)
+ Gametes, Eardy Embryos, and Epigenetics
{Rabindranath De La Fuente / Kevin Eggan)
+= Chairs and a Round Table: Past, Present,
Future of Fertilization and Activation of
Devalopment
{George Gerton /
Previous chairs of conference in attendance)

FLORAL & VEGETATIVE VOLATILES

LES DIABLERETS CONFERENCE CENTER
LES DIABLERETS, SWITZERLAND

QCT 7-12, 2007

ERAN PICHERSKY, CHAIR

WITTKO FRAMCKE, VICE CHAIR

+ Roles of Plant Volatiles in Human Affairs
(Steve Goff | Efraim Lewinsohn |
Roman Kalsar / Harry Klee / Fred Provenza)

+* Vegetative Violatiles: Molecular Ecology
and Metabolomics
(Ted Turings / Jonathan Gershenzon /
Micole Van Dam / lan Baldwin /

Junji Takabayashi)

= \egetative Volatiles: Behavioral Ecology
{Marcel Dicke / Monika Hilker [

Joop van Loon f Matthias Held /
Consuelo De Moraes)

+ Floral Volatiles: Generalized and Food/
Reward-Based Pollination
(Flovian Schiestl ! Candance Galen /
Steffan Dotterl / Tia-Lynn Ashman /

Steven Johnson)

+ Floral Volatiles: Specialized and Sexually
Deceptive Pollination, and Obligate
Mutualism
{Roberd Raguso [ Olle Pelmyr /

Rod Peakall / Marcus Stensmiyr)

= Chemistry and Biochemistry of Plant
Vaolatiles: Molecules, Biosynthetic
Pathways, and Enzymas
{Jorge Bohlmann | Natalia Dudareva /
Robert Schuurink [ Eyal Fridman /

Amy Marshall-Colén / Dorathea Tholl /
Witlko Francke / Wilfried Schwab /
Harro Bouwmesester)

« Technigues and Methodologies for
Studying Plant Volatiles
(Dorothes Thall / Wilhalm Boland /
Francesco Loreto / Armin Hansel /
Anna-Karin Borg-Karison / Anita Marsaioli)

FUEL CELLS

BRYANT UNIVERSITY

SMITHFIELD, RI

JUL 22-27, 2007

BRYAM PIVOVAR &

TOMOYUKI TADA, CO-CHAIRS
STEPHEN CAMPEELL &

MATTHEW MENCH, CO-VICE CHAIRS

+« Fuel Cells - Status and Future
{Bryan Pivovar | Tomoyuki Tada /
Koichi Kojima / Martin Appla)

« Membrane Electrode Assemblies
(Jeremy Meyers | Mike Yandrasits /
Seiho Sugawara / Hubert Gasleiger)

» Catalysis
(Tom Zawodzinski § Matt Neurock /
Mancs Mavrikakis / Fred Wagner)

+ Advanced Characterization Technigques
{Hirashi Jinnal / Hideto Imai /
Andrze] Wieckowski)

+« Polymer Electrolyte Membranes
(Takeo Yamaguchi / Michael Guiver)

= Carbon Supports
(Paclina Alanassova)

= Water Tmnm“
{Mike Hickner / Olivier Diat)

+« Advanced Concepts ! Future Technology
{John Varcoe / Ken-ichiro Ola)
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GEMNETIC TOXICOLOGY
MAGDALEN COLLEGE
OXFORD, UNITED KINGDOM
JUL28-AUG 3, 2007

ANTONY CARR, CHAIR
SAMUEL WILSON, VICE CHAIR

* HKeynote Talk 1: Responses to Oxidative
DMNA Damage
(Ben van Houten)
+« Keynote Talk 2: Cancer Risk and
Chernobyl
(Richard Wakeford)
+ Endogenous and Induced DNA Damage
(Sam Wison | John Essigmann /
Peter MeKinnon [ Mareus Lobrich /
Aldan Doherty / Jo Jircny / Keith Caldecott /
Peter Kamen / Cynthia McMurray)
« Mutagenesis and DNA Repair
(Tom Kunkel ! Greg Verdine /
Willlam Dunphy f Ohstura Niwa [
Kevin Hiom / Peggy Hsieh / Travis Stracket)
« Replication - Links to Genotoxicity
(lan Hickson / Pater McGlynin / Helle Wirch /
Laurence Pear / John Diffley /
Thomas Helleday [ Susan Gasser /
Alan Lehmann { Ron Laskey)
+« Chromatin and Cell Fate Decislons
(Steve Jackson / Shigeki Miyvamoto /
Geoff Wahl / Karl-Peter Hopfner /
Thanos Halazonetis / Kyunglae Myung /
Jessica Downes)

+ Insights into the Chemical Problems
Posed by Structurally Complex,
Heterocyclic Natural Products
{Gregory Dake | Gilbar Slork)

HETEROCYCLIC COMPOUNDS
SALVE REGINA UNNERSITY
NEWFORT, RI

JUN 24-28, 2007

ERIK SORENSEN, CHAIR
KARIN BRINER, VICE CHAIR

+« Mew Reactions and Ideas for the
Synthesis of Heterocyclic Compounds |
(Karn Braner [ Justin Du Bois /

Medanie Sanford [ Edwin Vedajs)

+ MNovel Pericyclic Reactions for Syntheses
of Heterocycles
(George Sheppard [ Pater Jacobi /

William Murray [ Raymand Funk /
Rick Danheiser)

+ New Catalytic Reactions for Heterocycle
Synthesis |
(Melizza Vasbindar | Helend Lebal /
Richmond Sarpong / Jeffrey Johnson)

+ New Reactions and Ideas for the
Synthesis of Heterocyclic Compounds Il
(Christopher Vanderwal / Brian Stoltz |
Scott Edmondson / Jehn Wolfe /

Micholas Magnus)

+ Innovative Concepts for Constructing
Complex Heterocyclic Natural Products &
Pharmaceutical Agents |
(Rick Ewing ! Madeleine Joullié /

Prashant Deshpande / Dirk Trauner)

+« Creative Advances in Syntheses of
Complex Heterocyclic Natural Products
{Brian Aguila | Kathy Parker /

Emanuel Theodorakis / James Panek)

= New Catalytic Reactions for Heterocycle
Synthesis Il
(Roger Hahn | Eric Jacobsan / Scott Miller
David MacMillan)

+ Innovative Concepts for Constructing
Complex Heterocyclic Natural Products &
Pharmacautical Agents |l
(Michael Miller { Mohammad Movassaghi /
Steve Colletti / Eun Lee / Phil Baran)

HIGH TEMPERATURE CORROSION
COLBY-SAWYER COLLEGE

MEW LONDOM, NH

JUL 29-AUG 3, 2007

W. JOE QUADAKKERS, CHAIR
JOHN NICHOLLS, VICE CHAIR

+ Microstructural Effects in Alumina Scale
Growth
(B. Gleeson | G. Tatlock)

+ Oxidation Properties Of Pt Modified
Aluminides
(5. Hayashi | V. Tolpygo)

+ Interfaces in High Temperature Corrosion
Processes
{D. Young / P. Hou)

+ Corrosion in Chlorine Containing
Environments
{M. Schiitze / J.E. Svensson)

= Water Vapour Effects on Oxidation
Processes in Low- and High pO,-
Environments
{B. Pint f D. Maumenkao)

+ Oxidation Issues in Solid Oxide Fuel Cells
(T. Maruyama [ J. Zhu)

= Materials for Very High Temperature
Applications
(M. Barsoum)

= Thermal Barrier Coating Systems
{M. Carlin)

= High Temperature Materials for Energy
and Heat Management in Automobiles
{P. Fallboehmer)

HORMOME ACTION IN

DEVELOPMENT & CANCER

COLBY-SAWYER COLLEGE

MNEW LONDOMN, NH

JUL 15-20, 2007

SHILAN CHEMN &

PAOLO SASSONE-CORSI, CO-CHAIRS

GAIL PRINS & KEVIN WHITE, CO-VICE CHAIRS

= Keynote Talk 1: Nuclear Receptors
- Metabolic Engineering and the Dawn of
Synthetic Physiclogy
(Ronald Margofis § John MacLachfan |
Ronald Evans)
= Keynote Talk 2: Prostate Tumor -
Microenvironment Interaction
{Ronald Margolis | John Maclachian |
Leland Chung)
« Hormone and Cancer |
{John Couse / Jose Russo f Janming Xu /
Fazlul Sarkar / Wayne Tilley f Franky Chan)
+ Hormone and Stem Cells
(Gail Prin | Raf Tekmal ! Max Wicha /
Susan Kasper / Gail Risbridger)
# Circadian/Metabolism
(Paoio Sassone-Corsi [ Maarten Bosland |
Willam Schwarnz / Charles Weitz /
Cheng Chi Lee / Richard Stevens)
+ Hormone and Development |
(Kewin White | Lynn Riddiford |
Michael Mancini / Henry Krause /
Joa Thornton)
+ Hormone and Cancer Il
{Chawnshang Chang { Suzanne Fuqua |
Gregory Brent / Thomas Burris /
Hideo Honjo / Hsing-Jien Kung)

+« Epigenectics
[ Shuk-Mei Ho | Jery Heindel [
Shelley Berger / Doug Ruden /
Richard Pestell)
= Hormone and Development Il
(Meeraja Sathyamoorthy | Gertard Coetzee |
Hugh Taylor / David Sasscon /
Caren Helbing)
# Hormone Action / Translational Research
(Angels Brodie [ Charles Perou)

HUMAN GENETICS & GENOMICS
SALVE REGINA UNIVERSITY
NEWPORT, Ri

JUL 22-27, 2007

JAMES LUPSKI, CHAIR

EvAMN EICHLER, VICE CHAIR

= Keynote Talk 1: How Many Genes for a
Complex Disease?
{Aravinda Chakravarti)
« Keynote Talk 2: TBA
{Helen Hobbs)
+ Landscape-Setting Talks
(Peggy Pericak-Vance)
« Human Genetic Disease - From Mendel to
Complex Traits
(Micholas Kalsanis | Mike Gresn |
Y¥ing-Hui Fu)
# Human Evolutionary Genetics
(Pardis Sabet [ Andrew Clark / Sara Tishkodf)
+« Human Chromosome Blology and
Genome Dynamics
(Huntington Wilard | Barbara Trask /
Vivian Cheung / John Maran /
Evan Eichler / Nigel Carter)
+ Beyond the Human Hapmap-Links
Betwean Phenotype and Genotype
{ David Altshuier)
= MNew Genome Technologies
(David Bentley | Richard Gibbs / Eric Green)
+« Genome Structural Variation and
Phenotype
{James Lupski/ Sunil Ahuja / Art Beaudet)
+« Molecular Genetics and Therapeutics Of
Human Genetic Disease
(Hal Dietz [ Steve Warren / Mark Kay)

HYDROGEMN-METAL SYSTEMS

COLBY COLLEGE

WATERVILLE, ME

JUL 8-13, 2007

CRAIG JENSEN & KLALIS YVON, CO-CHAIRS
ETSUQ AKIBA &

GARY SANDROCK, CO-VICE CHAIRS

= [Intermetallic Hydrides
{Valerie Paul-Boncour / Yaroslav Filinchuk)

+ Yitrium and Lanthanum Hydride
{Akihilo Machida / Waler Wolf /
Joachim Schoenas)

+ Hydrogen on Surfaces
{Klaus Christman / Adall Winkbar)

+ Defects
{Chris Van de Walle / Rosario Cantell /
Ryosuke Kadono)

+ Spectroscopy
{Stewart Parker / David Sholl f
Hans Hagemann)

« Mew Methods of Characterization
(Robin Gremaud ! JI-Cheng Zhao /
Son-Jong Hwang)

=  Magnesium Hydride
(Pietra de Jongh / Hannes Jonsson )
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+ High Capacity Hydrogen
Storage Materials |
{Per Erick Vullum / Tabbetha Dobbins
Ping Chen / Job Rijssenbeek)

= High Capacity Hydrogen
Storage Materlals Il
(Yuko Makamaori / Chris Wolverton /
Ewa Ronnebro [ Tom Autrey)

INHIBITION IN THE CNS

COLBY COLLEGE

WATERVILLE, ME

JUL 22-27, 2007

CHRIS MCBAIN, CHAIR
HANMNAH MONYER, VICE CHAIR

» Keynote Talk 1: Inhibitory Cells and
Circuits - A Personal View
{Richard Miles)

+« Keynote Talk 2: Interneuron Hierarchies
and Oscillatory Organization of Cell
Assemblies
(Gyorgy Buzsaki)

+ Development of Inhibitory Circuits
{Hannah Monyer | Angelique Bordey /
Gordon Fishell | Josh Huang / Rosa Cossan)

« Structure and Function of GABA, and
GABA, Receptors
(Robert MacDonald / Cynthia Czajkowski /
Mail Harfison / Bernard Batther)

+ Inhibitory Circuits in the CNS
{Gianmarna Maccaleri | Gyorgy Buzsaki /
Massimo Scanziani / Pablo Castillo /

Peter Jonas / Thomas Klausberger /
Tams Freund / Alex Thomson / lvan Solesz)

+ GABA and Glycine Receptors
(Stefano Vicin | Amy MacDemott /

John Huguenard / Gabor Tamas [
Lori McMahon)

* GABA Receptor Modulation
(Stepfen Moss ! Bryndis Bimir /

Jamie Maguire / David Weiss)

« Plasticity and Pathology of Inhibition
(Istvar Mody | Dimitr Kullmann /

Julie Kauer / Jean Claude Lacallle /
David Lewis)

+ Bioinorganic Chemistry
(George Stankey ! Thomas Brunold /
Slavi Sevov / Jennifer Hollingsworth)

« Coordination Chemistry
(Clifford Kubiak | Kristin Bowman-James /
Donald Darensbourg [ Janet Morow)

= Celebrating Excellence
{Kimberfy Johnson [ Robert Paine /
Richard Schrock)

INORGAMNIC CHEMISTRY
SALVE REGINA UNNERSITY
NEWFORT, RI

JUL 15-20, 2007

WILLIAM BUHRO, CHAIR
KIM JOHMSON, VICE CHAIR

+ Organometallic Chemistry
{Richard Kemp | Teri Odom /

Timothy Warren / Guy Berdrand)

+ Solid-State and Materials Chemistry
(Jaraet Braddock-Wilking | Gregory Girclami /
Alan Heyduk / Catalina Achim /

Mark MacLachlan)

+ Supramolecular Chemistry
(Paw Sharp ! Kyoung-Shin Choi /
Jonathan Nitschke f Andrew Borovik)

+ Manoscience
(Sophia Hayes | Michael Sailor /
Anne-Frances Miller / Ana de Bettencourt)

+  Main-Group Chemistry
{Wiltiam Buhvo | Evamane Hey-Hawkins /
Marina Petrukhina / William Tolman)

+ Catalysis
(Bahram Moasser ! Kimberly Johnson /
Elena Rybak-Akimova)

INTERIOR OF THE EARTH
MOUNT HOLYOKE COLLEGE
SOUTH HADLEY, MA

JUN 10-15, 2007

GORAM EKSTROM, CHAIR
BRUCE BUFFETT, VICE CHAIR

# The Continental Lithosphers: Where Did it
Come From, Where Does it Ga?

{Roberta Rudnick ! Peter Keleman /
Adrian Lenardic)

= The Asthenosphere | - What Is the
Asthenosphera?

{Stan Havrt / Greg Hirth / Lars Stixrude /
Shijie Zhong)

+ The Asthenosphere Il - How Do the
Lithosphere, Asthenosphere and Deeper
Mantie Interact?

(Magali Biten | Anne Davaille / Hans Keppler)

+ Oeceanic Lithospherns from Ridge to Trench
{Donald Forsyth / Robert Dunn /

Robert Evans / Keith Priestley)

+ Anisotropy - Fabric Development,
Maintenance, and Destruction
{Thorsten Becker | James Gaharty /

Andrea Tommasi)

« Subduction Zones - What Goes Down and
‘What Comes Up?

{Geoffrey Abers [ Karen Fischer /
Katherine Kelley / Jason Phipps Morgan)

+ ‘Why is the Transition Zone Important?
{Paul Tackiey | David Bercovici /

Donald Weidner)

+ Deglaciation and Sea-Level Change
- Earth's Responsea to Loading on Multiple
Time Scales

+ Unresolved Quastions
{Barbara Romanowicz | Geolf Davies [

Marc Hirschmann)

LASER DIAGNOSTICS IN COMBUSTION
MAGDALEN COLLEGE

OXFORD, UNITED KINGDOM

AUG 12-17, 2007

PALUL EWART, CHAIR

WVOLKER SICK, VICE CHAIR

« Hot Topics - Selected from Poster
Contributions
{Volkver Sick)
= High Speed Imaging
{Jonathan Frank | Jay Smith /
Walter Lempert / Jeremy Coupland)
#  Turbulent Combustion
(Marshall Long [ Rob Barlow /
Andreas Dralzler)
+ Soot and Particulate Emissions
(Christof Schulz ! Angela Violi /
Boris Kock / Pascale Desgroux)
+ HNonlinear Optical Technigues
{Bab Lucht | Sukesh Roy / Peter Barker)
+ MNew Laser Sources and Technigues
{Tom Seftersten ! Jun Ye f Richard Miles /
Katharina Kohse-Hbinghaus)

« Biological Applications and Future
Challenges
(Marcus Alden [ Jurgen Wolfrum)

+« Diode Laser-Based Technigues
{Mavk Allan | Ron Hanson [/ Johan Hult /
Temence Meyer)

+ Diagnostic Techniques for Engine
Applications
(Doug Greenhalgh § Scott Sanders /
Thomas Seeger)

LIPIDS, MOLECULAR &
CELLULAR BIOLOGY OF
WATERVILLE VALLEY RESORT
WATERVILLE VALLEY, NH

JUL 22-27, 2007

CHARLES MARTIN, CHAIR
DAVID RUSSELL, VICE CHAIR

+« Keynote Talk 1: Role of Structural
Lipidomics in Genome Annotation
(Christian Raetz)

+ Keynote Talk 2: Gene Delations in Mice
= Insights into Phosphatidylcholine
Function
(Dennis Vanca)

« Structure and Catalysis at the Lipid-
Protein Interface
(Stephan White f John Shanklin /

Bill Dowhan / Chares Rock)

+ Lipid Dysfunction and Metabolic Disease
{ Susanne Jackowskl | Gerald Shulman /
Jean Schatfer / Jay Honon)

+ Lipid Metabolic Regulation
(Susan Henry | Diego DeMendoza /
George Carman / Russell DeBose-Boyd /
Takanad Inoue)

+# Lipid Transport
{+ohn F. Oram / Judith Storch |
Concelta DiRusso)

+ Lipid Diversity and Metabolic Engineering
{Teresa Dwnn | John Browse /

Anthony Kinney / Henry Valentin /
Maren Yadav)

+ Lipid Dynamics in Infection and Immun ity
{Alfred Bendelac f Christina Leshe /
Dennis Vioelker)

+ Fat Deposition and Turnover
{Guenther Daum / Robert Farese f
Dominique Langin / Karen Reue)

* Regulation of Lipid Homeostasis
(Joean Vance | James Ntambi / Dan Ory /
Christoph Benning)

LIQUID CRYSTALS
COLBY-SAWYER COLLEGE
NEW LONDON, NH

JUN 10-15, 2007

GREGORY CRAWFORD, CHAIR
PETER COLLINGS, VICE CHAIR

Imaging Devices

Sensors

Lasing and Photonic Bandgap Devices

Bio-Inspired Materials

Collalds, Self Assembly, and Molecular

Aggregation

+ Manoparticle Dis persions and Carbon
Nanotubes

+« Synthesis and Characterization of New
Liquid Crystals

+« Theory, Modeling, and Computation

+« Liguid Crystal Elastomers

= Liquid Crystal Ordering and Biclogical

Function
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LIQUIDS, CHEMISTRY & PHYSICS OF
HOLDERMESS SCHOOL

PLYMOUTH, NH

JUL 28-AUG 3, 2007

DAVID REICHMAN, CHAIR

STEVE GRANICK, VICE CHAIR

« Complex Fluids
(Jay Groves / David Pine)

+ Charged Liquids/iPolyelectrolytes
{John Weeks [ Alfons van Blaaderen)

* Glass Transition
{Jehn Torkelson / Peter Harowell |
Ludovic Berthier)

« Confined/interfacial/Biclogical Fluids
(Jean-Francols Joanny / Seth Fraden /
Mancy Levinger)

+ Dewetting/Hydrophobicity
(Bruce Beme / Shakar Garde /
Francoise Brochard-Wyart)

+ Spectroscopy of Liguids
(Andrei Tokmakoff / Huib Bakker /
David Blank)

+ Polymeric Liquids
{L¥lane Leger / Ken Schweizer)

&« Simulation Studies
(Peter Rossky f Bamhardt Trout)

MAGNETIC RESOMNANCE
UNIVERSITY OF NEW EMNGLAND
BIDDEFORD, ME

JUM 17-22, 2007

SHIMOM VEGA, CHAIR

BEAT MEIER, VICE CHAIR

+« The GRC Where EPR and NMR Meet
(Michael Mehrng [ Jan Schmidt /
Ray Freeman)

+* Order and Dynamics in Bio-Molecules
(Kurt W. Zitm | Stephan Grzesiek /
Geoffrey Bodenhausen / Stanley Opella)

+« Men-Conventional Magnetic Resonance
(Danied F. Weitekamp | Go Yusa f
Michael Romalis [ Arna Kentgens)

+ Bio-Solids NMR
(Robert Tycko | Jacch Schaefer /

Chad Rienstra / Ann McDermol / Bernd Reif)

+ Sensitivity Enhancement
{Malcoim H. Levitt | Walter Kockenberger /
Joachim Bargon ! Robert G. Griffin)

* NMR Methodology and Materials
(Hans W Spress [ Dominlgue Massiol /
Mei Hong / Zhehong Gan)

+ Magnetic Resonance Imaging
(Lucio Frydman | Aharon Blank /
Warren 3. Warren / Klaas Pruessmann)

+ Paramagnetic Resonance
(Jack H. Fread / Brian M. Hoffman /
Gunnar Jeschke | Klaus-Peter Dinse [
Oleg P. Polugkiov)

« MMR at Low Field
(Beat Maier | Alex Pines | Paul Callaghan )

+ Keynote Talk 2: Malaria and the Human
Genome
{Daminic Kwialkowski)
+ Severe Malaria
(Charfes Newton [ Richard Idro [
Karn§a Phirl / Ric Price / Kath Maitland)
= Pathogenesis
(Tevrie Tayfor [ Steve Kamiza /
Sam Wassmer / Jay Berklay)
= Drugs for Malaria
{Mick White | Alexis Mzila /
Marian Warsame / Karen Barnes)
+ Malaria in Pregnancy
{Brian Greenwood [ Pal Duffy /
Clara Menendez / Rose McGready)
« MNovel Interventions
{Ogobara Dounbo [ David Schelenberg /
Badara Cisse / Simon Brooker)
= Vectors
(Janet Hemmingway | Immo Kleinschmidt /
Martin Donnelly / Paul Eggleston)
+ Vaccines
{Pedro Alonso | Peter Billingsley /
Chetan Chitnks)
+ Going to Scale
{Fred Binka | Nick White / Marcel Tanner /
Catherna Goodman /
Ramanan Laxminarayarm)

MALARIA

MAGDALEM COLLEGE
QXFORD, UNITED KINGDOM
SEP 9-14, 2007

KEWVIN MARSH, CHAIR
CHETAN CHITHIS, VICE CHAIR

+ Keynote Talk 1: Global Distribution and
Burden of Malaria
{Bab Snow)

MAMMARY GLAND BIOLOGY
SALVE REGINAUNIVERSITY
HEWFORT, RI

JUM 10-15, 2007

STEVEN AMDERSOMN, CHAIR
CATHRIM BERISKEN, VICE CHAIR

+ Opening Address: Genes That Mediate
Breast Cancer Metastasis - Why Tumor
Cells Migrate to Specific Places
(Steven M. Anderson | Joan Massague)

= Stem Cells in Mammary Gland
Development and Tumeorigenesis
{Caroline M. Alexander |/ Jeff Rosen /

Max Wicha / Lathar Hennighausen)

= Development of the Mammary Gland
{Cathrin Brisken / Jacqueling Vellmaat [
Pam Cowin)

+« Cancer Models
{Wilam J. Mutler | Linda Schuler /

Kathryn L. Schwertfeger / Alana Welm)

+ Translation to the Clinic
(Adrian Lee | Carlos Anteaga / Douglas Yiea)

= Tumor Metabolism - Warbrug Revisited
(D. Joseph Jerry | Paul M. Hwang /
Valeria R. Fantin / William B. Kinlaw)

= The Lactation Switch
{lan Mather | Dean P. Edwards /

Lewis Chodosh)

« The Involution Switch
{ Tevri Wood | Darryl Hadsell /

Christing Watson / Peter Henson)

+ Keynote Address: A Physiologist Looks
and Mammary Gland Developmaent and
Function
(Steven M. Anderson | Margaret C. Nevile)

MATRIX ISOLATED SPECIES,
PHYSICS & CHEMISTRY OF

BATES COLLEGE

LEWISTOM, ME

JUL 15-20, 2007

ARAAPKARIAN, CHAIR

MARIO FAJARDO &

CHARLES WIGHT, CO-VICE CHAIRS

Matrix Isolation - Spectroscopy
{Mavtin Vala / Lester S. Andrews /
Marilyn E. Jacox / Wiliam Graham)
Photochemistry

(Hideo Tomioka ! Laurent Manceron /
Zofia Mielke)

Quantum Hosts - Helium

(Jussi Eloranta [ Andrey Vilesow |/

Kevin K. Lehmann)

Quantum Hosts - Solid Hydrogen
(Mavio E. Fajardo [ Yuan-Fem Lee |
Robert J. Hinde / David T. Anderson /
Takamasa Momose)

Photodynamics

(Charfes A. Wight / Leonid Khriachichev)
Dynamics (Time Resolved)

(Wya Goldschleger ! Nikolaus Schwentner /
Mika Pattersson / Peter Hamm)

Hovel Species

(R Fausto / Markku Rasanen /

Mingfel Zhou / Benny Gerbear)
Clathrates

{Wemer Klolzbuecher [ Kenneth Janda /
Wemer F. Kuhs / Kenneth D. Jordan /
Keilh Hester)

lees

(Sam Abrash f Murthy S. Gudipati /
Victoria Buch)

MATRIX METALLOPROTEINASES
ILCIOCCO

LUCCA (BARGA), ITALY

JUN 3-8, 2007

CARLOS LOPEZ-OTIN, CHAIR
CARL BLOBEL, VICE CHAIR

Matrix Metalloproteinases: An Evelving
Field

(Carios Lopez-Otin | Stephen Krane /

Bill Parks / Amanda Fosang)

Matrix Metalloproteinases: Essential
Regulators of Cell Behaviour

(Agres Noal | Shahin Rafi /

Luisa Iruela-Arispe / George Davis /
Alicia G. Arroyo / Steve Weiss)

The Dual Roles of Matrix
Metalloproteinases in Cancer

(Steve Weiss f Dylan Edwands /

Lynn Matrisian / McGarry Houghton /

Alenx Strongin / Derek Radisky)

MMPs and Their Inhibitors: New
Approaches to Old Problems

[ Gillian Murphy | Robert Visse /
Hyeong-Reh Kim / Steve van Doren /
Chris Overall [ Niels Behrendt f

Motoharu Seiki / Greg Goldbeng /

Rama Khokha)

The Other Metalloproteinases: ADAMs,
ADAMTSs and Beyond

(Carl Blobe! | Suneel Apte |

Joaguin Arribas / Dominique Alfandan /
Claus Oxvig / Daniel 5. Greenspan )
Matrix Metalloproteinases in Human
Disease

(Lyr Matrigian/ Eng H. Lo / Annie Pardo /
Timo Sorsa/ Massimo Federici / Peter Libby)
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Matrix Metalloproteinases: A Structural
Glimpse

(Xavier Gomis-Ruth [ Wolfram Bade /
Uirich Baumann / Yoshinar Akiyama /
Stefan Gerhardt [ Soichi Takeda)
Towards a New Generation of
Metalloproteinase Inhibitors

(Chias Overall f Vincent Dive /

Seth Cohen / Dorothea Piecha f

Mike Janusz / Roy Black / Bin-Bing S. Zhou)
Matrix Metalloproteinases:

The Future Ahead

(Carl Bloba! | Zena Werb)

Selected Poster Talks

(Chris Miller)

Transporters

{H. Renald Kaback | Da-Meng Wang /
Etana Padan / Rajini Rao / Daxiong Fu)
Future Challenges

(Biff Forbush | Anjana Rao [

Lukas MNovolny / Andrew Ferguson)

Structure-Based Drug Design
[ Mk Murko)

Therapeutic Pain Targets
(Mavk Bilodeau)

Late Breaking Topics

{ Kaferl Ahrendl)

Chair’'s Talk

(Paw S, Andersorn)

MECHAMNISMS OF CELL SIGMNALLING
MAGDALEN COLLEGE

OXFORD, UNITED KINGDOM

SEP 18-21, 2007

JOMATHAN CHERNOFF, CHAIR
CHRISTOPHER MARSHALL, VICE CHAIR

Keynote Talk: Integrins and Small
GTPases - A Two-Way Straaot

{Martin Schwarlz)

The Big Picture: Integrating GTPase
Signal Transduction

{Dowg Lauffenberger | Peter Nollau /

Jason Haugh / Julian Downward /
Channing Der)

GTPase Signaling: Subcallular
Localization

{Adrenne Cox / Rick Horwilz |

Michiyuki Matsuda / Klaus Hahn)

Small GTPases and the Regulation of Cell
Division

(Alan Hall | Shuh Narumiya

Cayetana Gonzalez / lan Macara)

Call Polarity and Differentiation

{Valterie Weaver [ Kodi Ravichandran /
Tatsuo Kinashi)

Cell Adhesion/Migration

(Chris Marshall | Hans Bos [ John Collard /
Kristiana Vuori)

Small GTPases: Organismal Biology and
Davelopment

(Jeffrey Settlernan / Linda van Aglst /
Andre Bernards | Gearg Halder)

Small GTPases, Signaling, and Cancer
{Dafna Bar-Sagl | David Tuveson /

Ed Manser / Frank Skack / John Sondek)
Signal Transduction-Based Therapeutics
(Robort Abraham | Lisa Hanske | Y1 Zhang)

MECHAMOSENSORY TRANSDUCTION
UNNERSITY OF NEW ENGLAND
BIDDEFORD, ME

JUL 22-27, 2007

PaUL BLOUNT & GLORIA MUDAY, CO-CHAIRS
ERIC HONORE, VICE CHAIR

An Intreduction to Issues and
Approaches Needed for a Comprehensive
Understanding of Mechanosensing

(Ching Kung / Martin Chalfie / Don Ingber)
Genetic and Genomic Approaches

to Mechanotransduction and Gravity
Signaling |

{Michael Gustin [ Shawn Xu f

Sarah Wyatt / Elizabeth Haswall)
Biochemical and Biophysical Mechanisms
of Mechanosensory Systems

{Miram Goodman | Boris Mantinac /

Peter F. Davies [ Martin Guthold)
Specialized Mechano- or Gravity-Sensitive
Cells or Tissues

{Ruih Anne Eatock | Charles Bourque |
Roger Hangarter / Ebenezer Yamoah)
Genetic and Genomic Approaches

to Mechanotransduction and Gravity
Signaling Il

{Patrick Masson / Kate Beckingham /

Masao Tasada)

Cellular and Tissue Responses to
Mechanical or Gravity Stimuli

{John Wood / John Kiss [ Jeff Holt)

The Role of Cytoplasmic and Extracallular
Proteins in Mechanosensory Trans duction
{Wiola Vogel | Michael Sheetz / Benny Geiger)
lonic Signaling During Mechanosensory
Transduction

{Simon Gilroy / Helen Kennedy)

Hot Topics: Short Talks with Speakers
Selected from the Submitted Abstracts

MECHANISMS OF MEMBRANE TRANSPORT
TILTON SCHOOL

TILTON, NH

JUN 10-15, 2007

PETER MALOMEY, CHAIR

AMY DAVIDSON, VICE CHAIR

Biophysical and Bielogical Principles
(Pater Maloney [ Milton Saier, Jr /
Werner Kuhlbrandt / H. Ronald Kaback)
ABC and E1E2 Transporters

(Amy Davidson § Heather Pinkett /
David Gadsby / Kaspar Locher)
Crossing the Bilayer

(Steve White / Don Engleman /

Shimon Schuldinar)

Gating and Conduction

(David Gadsby | Youxing Jiang !/

Raod MacKinnan [ Gary Yellen)

lon, Solute and Water Channels
(Ching Kung / Michael Maguire /

Tamir Gonen / Chris Miller)

MEDICINAL CHEMISTRY
COLBY-5AWYER COLLEGE
HEW LONDOM, NH

AUG 5-10, 2007

GEORGE HARTMAN, CHAIR
LES MCQUIRE, VICE CHAIR

Application of Targeted Prodrugs

to Improve Pharmacokinetic and
Pharmacodynamic Parameters

{Manjoy C. Desai/ Dennis Smith /

Richard Mackman / Mark Gallop)
Kinases

{Mary Mader / Michal Vieth / Mike Luzzio /
Mark Fraley / Gabrel Marlinez-Botella)
New Approaches to Cardiovascular
Disease

{Stephane De Lombaert | Roger Ruggeri /
Robert Stavenger)

Approaches Toward Treatment of Sleep
and Wake Disorders

{ufim Bamrow | Ling Hong Xie /

Michael Letavic / Christoph Bass)
Disruptors of Protein-Protein Interactions
{Mike Shultz)

MICROBIAL ADHESION &

SIGNAL TRANSDUCTION

SALVE REGINA UNIVERSITY

NEWPORT, RI

JUL 22-27, 2007

BONNIE BASSLER &

ARTURO ZYCHLINSKY, CO-CHAIRS
ALAIN FILLOUX &

MICHAEL STARNBACH, CO-VICE CHAIRS

Keynote Address 1: Bacterial Iron Wars
(Michaal Stambach ! Christopher T. Walsh)
Keynote Address 2: Host-Cell Responses
to Symbiont Signals - The Molecular
Dialegue of the Squid-Vibrio Partnership
(Michaol Stambach | Margaret McFall-Mgal)
Cell to Cell Communication

{Alain Filloux | Michael Suretie /

Marvin Whitelay / Dale Kaiser /

Roberto Kolter / Matthew Freeman)
Microbes and Evolution

(Arture Zychiinsky [ Joan Strassman /
Manfred Milinski / Forest Rowher /
Sebastian Bonhoeffer)

Symbiotic and Pathogenic Infections
(Robarto Kolter { Michael Starnbach /
Graham Walker / Roy Gross [ Brett Finlay)
Type lll Secretion

| Staffan Nomnark | Guy Comelis /

Hans Wall-Watz / Jorge Galan /

Olal Schneewind)

Signaling: The Host Side

(Mangaret McFal-Nogai | Alan Aderam f
Vishva Dixit f Michael Boutros /
Emmanuelle Caron ! Philippe Sansonetti)
Signaling: The Microbe Side
(Christopher T, Walsh [ David Dubnau f
Tom Silhavy / Susan Gollesman /
Jean-Marc Ghigo)

Adhesion, Adhesins, Appendages

(Breft Finlay | Scott Hullgren /

Tony Pugsley / John Telford / Alain Filloux /
Staffan Momark)

Bacterial Call Biology

{Jorge Galan [ Zemer Gilal /

Michael Laub / Piet DeBoer / Kit Pogliano)

MICROEIAL POPULATION BIOLOGY
PROCTOR ACADEMY

ANDOVER, NH

JUL 22-27, 2007

PALUL RAIMEY, CHAIR

ANTONY DEAM, VICE CHAIR

Microbes and Ecosystem Function
(Forest Rowher [ Roger Summons)
Evolutionary Genetics of Microbes: A
Systems -Lavel View |

{Mike Savageau ! Andreas Wagner /
Lauren Ancel Myers / Uri Alon)
Evolutionary Genetics of Microbes: A
Systems-Level View Il

(Roy Kishony { Frances Armold /

Chris Vaigl | Chris Knight)
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+ Population Biology of Microbes
(Fred Cohan [ Valeria Souza !/ Dan Falush /
Ford Doolittle / Nichole Broderick)
+« Symbiosis
(Greg Hurst | Cameron Curre /
Susse Kirkelund Hanson)
+ Evolution of Infectious Disease |
(Susanna Remold | Troy Day /
Dieter Ebert { Gary Schooinik / Doug Berg)
+« Ewvolution of Infectious Disease Il
{Richard Moxon | Marc Lipsiteh /
Harmit Malik / Dan Andersson)
« Genetics of Adaptive Evolution
(Paw Turnaer | Rees Kassen /
David D'Argenia)
« Interesting Life History Strategies of
Bacteria
(Fremcois Taddel ! Richard Losick /
Jack Werran)

MICROFLUIDICS, PHYSICS & CHEMISTRY OF
WATERVILLE VALLEY RESORT

WATERWVILLE VALLEY, MH

JUL 15-20, 2007

SABETH WVERFPOORTE, CHAIR

AMY HERR &

JUAN SANTIAGO, CO-VICE CHAIRS

«  Keynote Lecture: Microfluidics and MEMS
for Biomolecular Analysis
{Hiroyuki Fujita)

+ Short Presentations: Student Posters
(Sander Koster)

+ Flow Imaging and Diagnostics
(Jaap den Toonder /! Jery Westerwes! /
John G. Georgiadis)

+ Handling (Bio)particles in Microfluidic
Systoems
(James Landers | Klavs Jensen /
Joal Violdman)

+ Electrokinetic Phenomena at the
Manometer Scale
[Jusn Santiago / Ulnich Tallarek /
Martin Bazant)

+ MNano(bio)technology: Chemical and
Biochemical Locomotion
(Armand Adari f Ayusman Sen)

+« Movel Analysis and Detection Strategies
(Susan Lumte f Brian MacCraith /
Morman Dovichi)

+ Functional Materials
(Yoshinobu Baba | Jorg Kuttar)

+ Working with Cells in Microfluidic Devices
[Shuwichi Tekayama | Teruo Fujii /
Mehmet Toner)

+  Future Funding and Markets for Micro-
and Nanofluidics
(Laurie Locascio [ Jeff Farin/ Dennis Polla)

« F0-F1 ATP Synthase: Structure-Function
and Assembly
(Wolfgang Junge / John E. Walker /
Stankey D. Dunn)
= Complex | and Complex III:
Structure Function and Biogenesis
{Tomoko Ohnishi / William A. Cramer [
Leo Sazanov [ Akhil Vaidha)
# Mitochondrial Links to Apoptosis, Cancer,
Aging and Therapeutics
{Takao Yagi / Craig B. Thomson /
Faul M. Hwang / Lenny Guarente)
+ Molecular and Cellular Bioenergetics
Workshops
{Anthany R. Crofts / Bianca Barquera /
Stephan Wikens | Shelagh Ferguson-Miller)
» V-ATPase Structure-Function and Cell
Biology
(Patricia Kane / Michael Forgac /
Michael Levin)
« Complex Il and Complex IV:
Structure -Function and Biogenesis
(Hartmut Michel / Robert B. Gennis /
Garry Cecchini f Marten Wikstrom /
Jon Hosler f Maik Huttemanm)
# From Omics and Imaging to
Bio-nano Frontiers
{A tribute to Britton Chance )

MOLECULAR & CELLULAR BIOENERGETICS
PROCTOR ACADEMY

ANDOVER, NH

JUN 17-22, 2007

FEVZI DALDAL, CHAIR

DAVID MICHOLLS, VICE CHAIR

+« Electron Transfer, Proton Transfer, Role of
Water in Proteins
(Marityn Gunner / P. Leslia Dutton /

Judith P. Klinman / David Beratan)

+ Maturation and Assembly of Multi-subunit,
Multi-cofactor Membrane Proteins
{Sabeeha Merchanl / Michael K. Johnson /
Stuart J. Ferguson f H-Georg Koch)

MOLECULAR MEMERANE BIOLOGY
PROCTOR ACADEMY

AMDOVER, NH

JUL 8-13, 2007

BEMJAMIN GLICK, CHAIR

SEAN MUNRO, VICE CHAIR

= Membrane Domains
(Scatt Emv ! Bill Wickner / David Stephens |
Suzanne Pleffer)
* Membrane Fusion
(Hugh Pelham [ Josep Rizo / James McNew /
Reinhard Jahn / Andreas Mayear)
= Lipid Transport and Localization
{Fred Maxfield | Dawn Brasaemle /
Will Prinz / Peter Espenshada)
+ Organelle Structure and Dynamics
{Lois Weisman [ Janet Shaw / Liza Pon /
Chris Kaiser [ Catherine Rabouille )
+ Pathogens and Membrane Traffic
(Pascale Cossart / Norma Andrews |
Craig Roy [ Tom Wileman)
+« Vesicle Formation
{Sandy Schmid [ Piatro De Camilli /
Anne Spang / Bill Balch / Randy Schekman /
Charlie Barlowe)
+ Reaching the Plasma Membrane
(Patar Novick | Vivek Makhotra /
Patrick Brennwald / Ira Mellman)
= Traversing the Golgi
(Albarto Luini | Adam Linstedt /
Francis Barr /[ Jim Rothman / Aki Makano )
+ Entering the ER
{An Hedenius  Tom Rapoport [
Gunnar von Hejjne / Peter Walter)

MOLECULAR THERAPEUTICS OF CANCER
COLBY-SAWYER COLLEGE

MHEW LONDOM, NH

JUL 22-27, 2007

PHILLIP DENNIS, CHAIR

JAMES WINKLER, VICE CHAIR

= MicroRMA
{Carlo Croce / Carlo Crocea /
Curlis Harris / Paul Foster)

+« Autophagy, the Unfolded Protein
Response and Cancer
{Linda Hendershot | Linda Hendershot)

« Akt and mTOR
{Mary Ann Bjornsli / Nissim Hay [
David Sabatinl)

= Stem Cells in Epithelial Cancers
(Max Wicha | Max Wicha / Sam Jones /
Thomas Look)

= Emaerging Kinase Targets
{Roberf Kramer [ Ravi Salgia /
Moitreyee Kishore)

» Repositioning Old Drugs as Cancer
Therapeutics
(Palricia Steeg / Patricia Steeg /
Warren Chow f Ping Dou)

+ Making the Untreatable Treatable:
Lessons from Kidney Cancer
(Ronakd Bukowski | Ronald Bukowski /
Marston Linahan)

« Exosomes, Totraspanning, and Lipidomics
(Alain Delcayre | Alain Delcayre [
Martin Hemler / Alex Brown)

+ What Have We Learned from Targeting
VEGF?

(HWigry Calvert [ Alan Sandler /
Afshin Dowlati)

MOLYBDENUM & TUNGSTEN ENZYMES
COLBY-SAWYER COLLEGE

NEW LONDON, NH

JUL 1-8, 2007

CAROLINE KISKER &

ALASTAIR MCEWAN, CO-CHAIRS
MARTIN KIRK &

MARIA JOAD ROMAC, CO-VICE CHAIRS

+ HKeynote Talk 1: Molybdenum Cofactor
Synthesis and Beyond
{Ralf Mendel)
+  Keynote Talk 2: Tribute to Edward Stiefel
(Sharon Burgmayer)
« Sulfite Oxidase Family
{K.V. Rajagopalan  Ulike Kappler /
Joel Weiner / Heather Wilson /
John Enemark)
+ Xanthine Oxidase Family
{ Takeshi Mishino | Ortwin Meyer /
Wilired R. Hagen / Ken Okamota /
Charles Young)
« DMSO Reductase Family
(Graham George | Johann Heider /
Clive 5. Butler / Ofiver Einsle / Julea N. Butt)
+« Molecular and Cellular Biclogy of
Mo and W
(Mana Joao Romao | Axel Magalon |
Frank Sargenl)
= Mo Cofactor and Beyond
[ Silke Leimkdhiler | Andrew T. Smith /
Florian Bittner / Glnter Schwarz /
Sharon Burgmeyer / C. David Gamer)
+ Environmental Aspects
(Joanma M. Santind / Jeffrey A. Gralnick /
Chad W. Saltikov / Anne-K. Duhmea-Klair /
David J. Richardson)
+« Mechanisms of Catalysis and
Electron Transfer
{Mavtin L. Kirk [ Paul V. Bernhardt /
Russ Hille / Matihias Hafmann /
Christian J. Doonan)
+« Keynote Talk 3: Moving Electrons and
Protons together, With and Without Metals
- Thermodynamics and Kinetics
(Jim Mayer)
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MOTILE & CONTRACTILE SYSTEMS
COLBY-SAWYER COLLEGE

NEW LONMDOM, NH

JUL 8-13, 2007

MARGARET A. TITUS, CHAIR
KERRY BLOOM, VICE CHAIR

« HKeynote Talk: Mitotic Spindle
Morphogenesis in Chromosome
Segregation and Beyond
(Yixian Zheng)

* Molecular Mechanisms of Motor Proteins
(Susan Gilbart | Enrque De La Cruz f
David Warshaw)

= Cytoskeletal Polymer Dynamics
(Dyehe Mullins)

+ Spindle Assembly
{Alexey Khodjakov)

«  Movement in a Three-Dimensional
Enviranment
(Denise Montell | John Condeelis)

+ [Intracellular Transport
(Kristen Verfey | Volodya Gelfand)

+« Kinetochores and Chromosome
Movements
(Ted Salmon | Trisha Davis / David Sharp)

+ Cytokinesis
{Karen Oegema [ Tom Pollard)

+« Call Polarity and Signalling
(Tony Bretscher | James Nelson)

MYCOTOXINS & PHYCOTOXINS

COLBY COLLEGE

WATERVILLE, ME

JUN 17-22, 2007

KELLY REIN & KENNETH VOS5, CO-CHAIRS
BARBARA BLACKWELL &

ROBERT DICKEY, CO-VICE CHAIRS

+ Human Exposures
(Paul Alan Cox [ George Bailey |
Wayne W. Carmichael)

+ Public Health and Epidemiology
{Lovraine C, Backer | Chris \Wild /
Gordon Shephard / George Luber /
Pauline Jolly / Lora E. Fleming)

# Deatection Technologies for Organisms
and Toxins
{Robert Dickey I Michael Appell /
Kristian Miglsen)

* New Toxins, Metabolites and Synthesis
{Roboert Gawlay | Cralg Forsyth |
Manfred Metzler / Timothy F. Jamison /
Michael A, Quilliam)

+ Molecular Genetics of Toxin Biosynthesis
(Cimdy Heil / Fran Van Dolah /
William Mierman / Jun'ich Kobayashi)

« Toxin Biosynthesis, Regulation and
Function
(Jujiarng Yu [ Brett A. Nellan /
Franz Berthiller f Douglas L, Crawford /
Mark Wells /| Bruce Campbell)

+ Toxicogenomics and Molecular
Mechanisms
(Wayne Bryden / Janee Gelineau-van Waes [
Kathi Lefebvre | James Pestka)

+ Molecular Mechanisms Il
{Robert McPhail | Alice Hudder /
Angela Mally / Gerhard Adam /
Allen R. Place)

+ Mediators of Pathogenesis
(Michael Kolomiets / Tany Glenn)

+« Economic Impacts
(Mary Trucksess | Felicla Wu)

MATURAL PRODUCTS

TILTOMN SCHOOL

TILTOM, NH

JUL 22-27, 2007

DAVID UEHLING, CHAIR

SCOTT GILEERTSON, VICE CHAIR

+ Total Synthesis of Natural Products
(Phil Baran { Stephan Martin / Richard Taylor)
= Advances in Matural Products Synthesis
and Isolation
(William Fenical / Jay Keasling / John Woosd)
« Matural Products Synthesis and
Methodology
{Justin DuBois / Toru Fukuyama /
Petar Jacobi f Mark Lautans)
+ Catalytic Synthetic Methodology |
{Robert Grubbs / Richard Larock)
+ Catalytic Synthetic Methodology Il
(Greg Fu / Eric Jacobsen [ Andreas Pfaltz)
= MNow Methods in Synthesis of Natural
Products
{Janine Cossy / Richmand Sarpong /
Jan Van Maarsavean)
+ Chemical Communication
{Halen Blackwell / Julia Kubanek /
Walter Leal)
« Chemical Biolegy
{David Liu / Anna Mapp / Raj Singh)
= Medicinal and Bioorganic Chemistry
(Michael Luzzio / Sergay Kozmin /
Marvin Miller / Emma Parmee)
+= Medicinal and Process Chemistry
{Mui Cheung / Steve Davidsen [ Erc Maher)

MEURAL CIRCUITS & PLASTICITY
SALVE REGINAUNIVERSITY
MEWPORT, RI

JUL 1-6, 2007

RAFAEL YUSTE, CHAIR

TAKAQ HEMSCH, VICE CHAIR

= Keynote Talk 1: TBA
{Richard Axel)
+ Chemical Senses
{Gilfes Laurent / Cori Bargman /
Catherine Du Lac)
+ Retina
{Marcus Meister / Rachel Wong /
Maria Feller)
+ Hippocampus
{Erin Sehurman [ May-Britt Maosar [
Matthew Wilson)
+* Hot Topics: Neurogenesis/Stem Cells
{Fernando Nattebohm | Plame-Mare Liedo /
Fred Gage)
+ MNeocortex
{Clay Reid | Hannah Manyer [ Ed Callaway)
« HKeynote Talk 2: TBA
{Susumu Tonegawa)
= Animal Cognition
{Anme Graybial | Dan Margoliash /
Marc Hauser)
+* Human Cognition
(Joy Hirsch ! Mancy Kanwisher /
Read Montague)
= Hot Toplcs: New Methods
{Winfried Denk [ Gero Miesenboack /
Julie Simpson)

NEUROTROPHIC FACTORS
SALVE REGINA UNIVERSITY
NEWFORT, RI

JUMN 17-22, 2007

DAVID GINTY, CHAIR

WILLIAM MOBLEY, VICE CHAIR

« Trophic Factor Signaling |
(Lins Parada | Barbara Hempstead /
Gary Landreth / Gall Mandel)
+« Trophic Factors, Plasticity and Behavior
(Moses Chao f Rene Hen / Lisa Monteggia /
Lino Tessarollo / Martha Constantine-Paton)
+ Meuronal Growth Factors and
Development |
(Bill Snider| Ftudiger Klein [ Gabrial Corfas /
Sam Pfaff)
+« Trophic Factors and Neural Disease
(Lowis Reichard! { Frank Longo /
Eva Feldman / Ray Bartus /
Lamry Benowitz / Jeff Kordower)
= Tropic Factor Signaling Il
(Carlos lhanez | Francis Lee |/
Enrico Tongiorgl / David Kaplan /
Bruce Carter)
« Tropic Factor and Plasticity
(Mike Ehlers / Mu-ming Poa /
Kelsey Martin / Nancy Ip)
= Trophic Factors and Developmental
Disorders
(Rosalind Segal | Erka Halzbaur /
Jack Griffin / David Katz / Yanmin Yang)
« MNeuronal Growth Factors and
Development I
{ Story Landis | Tony Pawson f
Tom Jessell / Silvia Arber / Dennis O'Leary)
* Trophic Factors and Synaptic Functions
{Yves Alain Bards | Andres Buonanng |/
Patricia Salinas [ Shumin Duan}

NOMLINEAR SCIEMCE

COLBY COLLEGE

WATERVILLE, ME

JUN 24-28, 2007

ANMA LIN, CHAIR

ROBERT BEHRINGER, VICE CHAIR

+ Glassy, Disordered and
Granular Systems |
(Wim van Saaroos / Hernan Maske /
Mark Shatiuck)
« Pattern Formation |
{Gunter Ahlers [ Ehud Meron / Irving Epstein)
+ Dynamic Networks
(Steve Polter / Bill Ditto / Bruce Gluckman)
+« Fracture
{Jay Finebarg / Steve Morris)
+ Glassy, Disordered and
Granular Systems Il
{Bulbul Chakraborty / Eric Weeks /
L. Mahadevan)
« Biological Systems
{Peter Jung / Kyoung Lee f Oscar Mesquita)
+ Instabilities
(Mogens Levinsen / Ed Ott /
Dan Lathrop / Linda Smolka)
= MNetwork Dynamics
{Nishikawa Takashi}
« Pattern Formation Il
{Oliver Steinbock)
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NUCLEAR CHEMISTRY
COLBY-SAWYER COLLEGE

NEW LONDOM, NH

JUN 3-8, 2007

AUGUSTO MACCHIAVELLI, CHAIR
BETTY TSANG, VICE CHAIR

+ New Developments in Nuclear Structure
Theory
{J. Dudek / S. Frauendorf / A. Schwenk /
R. Wyss)
« The Structure of Light Nuclei
(A Wuosmaa / A. Schiller)
+ Nuclear Structure Far From Stability:
Proton-Rich Nuclei
(P. Butler / A. Goergen | 8. Lenzi /
K. Rykaczewskl / D. Sarantites /
D. Seweryniak)
+«  MNeutron-Rich Nuclei
(R. Janssens [ K. Jones / P. Mantica [
K. Starosta [ A. Swuchbery)
+ Highlights from New Facilities
(J. Gerl / C. Svensson)
+ Phenomena at High-Spins
{C. Beausang / H. Hubel / M. Riley}
+ Aspects of Pairing in Nuclei
(R.M. Clark / P. van Isacker)
+ Properties of Warm Nuclel
(Th. Dossing / A. Lopez Martin /
D. Savran/ F.S. Stephens)
& Muclear Structure and lsomeric States
{G. Lane / P. Regan)
+* Properties of Heavy Nuclei
(A Afanasjev / T.L. Khoo)
+« Muclear Astrophysics
(A. Champagne)
« Double Beta Decay
(E. Marman)
+ New Instruments and Applications
(LY. Lee f J. Simpson / L. Bemslein)

+ Symmetry Tests in Nuclear Physics
(Geoff Greene { Barry Holstein /
Shelley Page / Krishna Kumar /
Bill Marciano / Tim Chupp / Dave Hertzog)
+ MNew Horizons
{Krishna Rajagopal ! David Kaplan /
Gordon Cales)

NUCLEAR PHYSICS

SALVE REGINA UNNERSITY
NEWPORT, Ri

JUL 15-20, 2007

MICHAEL RAMSEY-MUSOLF, CHAIR
STEVE VIGDOR, VICE CHAIR

+ The Nuclear Physics of Stars
(Sanjay Reddy / Gail McLaughlin /
Yong Qian / Michael Weischer)

+ MNautrinos in Nuclear Physics
{Baha Balantekin /| Robert McKeown /
Hamish Robertson f Micole Bell /
Steve Elliott / Bonnie Fleming /

John Beacom)

+ Challenges in Nuclear Structure
(Witek Nazarewic | Rocco Schiavilla /
David Dean ! Don Geesaman)

« QCD and the Structure of Hadrons
[Jian-ping Chen { Xiangdong Ji/
Richard Milner / Kostas Orginos /
Michel Garcon f Zein-Eddine Meziani /
Milanga Liyanage}

« Quarks, Gluons, and Spin
(Utrich Heinz | Bill Zajc /

Raju Venugopolan / Nacmi Makins)

+ CP«iolation and the Origin of Matter
(Susan Gardner | Steve Lamoreaus /
Zheng-Tian Lu { Chen-Yu Lu
Maxim Pospelov / Vincenzo Cirgliano /
Stefano Profumo)

+« QCD and Effective Field Theorys
(Roxanne Springer/ tain Stewart [
Henry Weller / Elizabeth Jenkins /
Daniel Philips)

MUCLEIC ACIDS

SALVE REGINAUNIVERSITY
MEWPORT, RI

JUN 3-8, 2007

CYMNTHIABURROWS &

JOSEPH (JODY) PUGLISI!, CO-CHAIRS
JAMIE CATE &

PAUL MODRICH, COVICE CHAIRS

+ Keynote Lectures: Frontiers of DMNA &
RMNA Research
{C. Burows [ J. Puglisi | Jacqueline Barton |
Ignacio Tinoco)
+ Molecular Recognition and Processing of
DMA Damage
{Susan Walace / Jim Stivers /
Orlando Sharer | Tom Kunkel /| Steve West)
+ Nucleosomes and DNA Dynamics
{Karolin Luger ! Jon Widom /
Geeta Narlikar / Steve Kowalczykowski)
+ Ribozymes & Riboswitches: Structural
Basis for Function
{Adrian Ferre-d"Amare / David Lilley /
Martha Fedor / Dan Hershlag / Scott Strobel)
+ RMNA Interference: Pathways to Gene
Function
{Lemor Joshua-Tor [ Dinshaw Palel /
Peler Sarnow)
+ Transcription Initiation and Regulation
{Anna Mapp [ Tom Kodadek §
Richard Ebright / Palrick Cramer)
+ RMA Splicing Mechanisms
{Reinhard Lutrmann | Christine Guthre /
Kristen Lynch)
+* The Ribosome
(Jamie Cate / Vienki Ramakrishnan /
Jamas Williamson / Jennifer Doudna /
‘Wolfgang Wintermeyer)
+ Emerging Technologies: Synthetic Biology
(Flayd Romesberg | Christina Smolke /
Andreas Marx / Milan Stojanovic)

NUCLEOSIDES, NUCLEOTIDES &
OLIGONUCLEOTIDES

SALVE REGINAUNIVERSITY
MEWFORT, RI

JUL 1-8, 2007

JYOTI CHATTOPADHYAYA, CHAIR
VARSHA GANDHI, VICE CHAIR

+ HNovel Mechanism-Based Inactivators
{JoAnne Stubbe / Tomas Cihlar f
David B, Olsan)
+ DNARNA Chemistry
{Kevin Weeks / Marv Caruthers / Zhen Xi)
= RMNA Targeting & Delivery
{Mano Manoharan | Alan Gewirtz /
Sudhir Agarwal)
= Conformationally -Constrained
Nucleosides
(Jesper Wengel / Riad Agbaria)
+« DMNA Repalr
{Jacqueling Barton / Thomas Carelly
+ DMNARMNA Interactions
{Erik Kool / Piet Herdiwijn)
= Functional Oligos
(Macki Sugimote / Chad Mirkin)

OCULOMOTOR SYSTEM BIOLOGY
BATES COLLEGE

LEWISTON, ME

JUL 8-13, 2007

NEERAJ GANDHI &

JENNIFER GROH, CO-CHAIRS
KATHLEEN CULLEN &

PALL MAY, COVICE CHAIRS

= HKeynote Talk 1: The Eyes Have It - Action
Chunking and Oculomotor Control
(Ann Graybiel)
+« Keynote Talk 2: The Primate Oculomotor
System - A Window Onto Value-Based
Decision Making
{Willlam Mewsame)
« Action in the Oculomotor Periphery
{Paw May /| Francisco Andrade /
Roland Blumer ! Michael Galdberg /
Angel Pastar)
= Eye-Head Coordination
(Laurent Goffart [ Kikuro Fukushima /
Daniel Guittan / Paul May { David Waitzman)
# Motor Preparation
[Neeraj Gandhi/ Brian Cornell /
Jacqueline Gotliab ! Tirin Moore |
Kirk Thompson)
+« Meuroethology - The Impact of Nature's
Experiments on Oculomotor Systems
(Robert Baker /| Herwig Baler /
David Dickman { Harvey Karten / Susan Lidin)
= Predictive Eye Movements
{Douglas Munoz [ Graham Bames /
Stephen Heinen / Gillian O'Driscoll |
Mark Shelhamer)
= Vestibular System Dynamics: From Cells
to Circuits
(Kattipen Cullan f Gay Holstein /
Robert McCrea / Jennifer Raymond /
Pierre-Paul Vidal)
* Visuospatial Processing for Eye
Movements
(Michae! Goldberg | Vivien Casagrande /
Douglas Munaz / Marc Sommer /[
Robert Wurtz)
= Hot Topics
(Jennifer Grok [ Speakers to be
determined from abstract submissions)

ORGANIC REACTIONS & PROCESSES
BRYANT UNIVERSITY

SMITHFIELD, RI

JUL 15-20, 2007

JOS BRANDS, CHAIR

GREGORY COOK, VICE CHAIR

= Organometallics in Synthesis |
(Christing White | Alexandre Alexakis /
Richmaond Sarpong)

= MNoew Synthetic Methodology and Process
Research |
{foannis Houpis | Jennifer Albaneze-\Walker /
Rudy Broeck / Scott Melson [ Samir Zard)

« Asymmetric Catalysis |
(Jeffrey Bode [ Matthias Beller |
Eric Jacobsen / Kejl Maruoka)

+ Molecular Machines and Receptors
(JSfinguan Yu ! Eric Anslyn / Ben Feringa /
David Leigh)

# Organometallics in Synthesis I
{Jerry Mury [ Amir Hoveyda / Jennifer Love)

= MNew Synthetic Methodology and Process
Research Il
(Michel Coutourier |
Stephen Challenger / Martin Karpf /

Jim Leighton / Diefrich Steinhuebel)
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«  Asymmetric Catalysis Il
(Shery! Wiskur | Erick Carreira /
Jeffrey Johnson / Matthew Gaunt [
Benoit Pugin)

+ Natural Product Synthesis
|Elizabeth Jarve | Timothy Jamison f
Joseph Ready / John Wood)

ORGANOMETALLIC CHEMISTRY
SALVE REGIMNA UNIVERSITY
NEWPORT, RI

JUL 8-13, 2007

NORA RADU, CHAIR

ALAN GOLDMAN, VICE CHAIR

+ Kickoff Session: A Bipartisan Approach to
Crganometallic Chemistry
(Alan Goldman | Michael Heinekey /
James Bancella)

+« Mew Ligand Platforms
(Richard Broene ! John Arncld |
Philip Mountford / Warren Piers /

Yulaka Matsua)
+ New Reactivity and Transformations:
s & p Block Chemistry
(Soley Krstjansdottir | Christopher Reed /
Carl Busacca / David Glueck)

+ Asymmetric Catalysis
(Alan A¥geier ! Bemadelte Danovan-Merkert /
Amir Hoveyda f Patrick Walsh )

+« Mechanistic and Theoretical
(Richard Fisher | Arkadi Vigalok /

Marc Johnson [ Odile Eisenstein)

+ New Reactivity and Transformations:
d Block Chemistry
(Gary Casly { Krstopher Mcheill /

Alan Heyduk [ Mikhail Baryhin)

+ Organometallics in Materials Chemistry
{Don Tilley { Christing Older / Keith Hall
Jilian Buriak)

+ Applications in Organic Methodology and
Pharmaceuticals
(Mitch Smith | Alison Frontier / Anil Guram /
Petar Sadler)

+ Back to the Future
{Tom Baker [ Gerard Parkin / Dan Mocera)

GRADUATE RESEARCH SEMINAR:
ORGANOMETALLIC CHEMISTRY

SALVE REGINA UNNVERSITY

NEWPORT, RI

JUL 68, 2007

ELIZABETH MADER & NORA RADL, CO-CHAIRS

The Gordon-Kenan Graduate Research
Seminar on Organometallic Chemistry is a
three-day Gordon Conference-style meseting
enclusively for graduate students and postdoctoral
fellows. Speakers will be chosan from among

the atlendees. The Organometallic Chemistry
Gordon Research Conferenca will take place al the
same lecation, iImmediately following the Seminar.

« Frontiers in Organometallic Chemistry
(Bamadeite Donovan-Merkert |
Christopher Cummins / Emilio Bunel)

+* Organometallics in Organic Chemistry
(Robert Bargman)

+ Organometallics in Materials Chemistry
and Biology
(Dan Vanderiende)

+ Physical and Computational Methods
(Jemnifer Love)

+* Round Table Discussion: Career
Opportunities for Organometallic
Chemists
(Elizabeth Madar ! Anthony England /
Susan Kegley / Nora Radu)

ORIGINS OF SOLAR SYSTEMS
MOUNT HOLYOKE COLLEGE
S0UTH HADLEY, MA

JUL 8-13, 2007

LEE HARTMANN, CHAIR

SARA RUSSELL, VICE CHAIR

+ Results from Stardust and Dust in
Protoplanatary Disks
(Scolt Sandford [ Mike Zolensky /
Dan Walson )
+ Radicisotopes and Solar System
Chronology
{Andy Davis | Martin Bizzarro /
Marianna Cosarinsky [ Ed Young)
« Irradiation Within the Solar System
{Frank Podosek [ Mini Wadhwa f
Matthieu Gounelle)
+ Evolution and Structure of Protoplanetary
Disks
{Suzan Edwards | Lynne Hillenbrand /
Elise Furan f Sean Andrews)
+ Debris Disks
(Scolt Kenyon ! Michael Mayar [
Amaya Moro-Marin)
+ Disk Physics and Planet Formation
(Doug Lin f Charles Gammie / Ken Rice /
Zoe Leinhardt)
= Exoplanets
(Alan Boss | David Bennett | Sara Seager)
+ Chemistry in Protoplanetary Disks and the
Solar Nebula
{Ted Bergin / Yuri Alkawa [ Jim Lyons)
+ Chondrule Formation
{Rhian Jones | Harold Connally f Fred Ciesla)

PHAGOCYTES

BRYANT UNIVERSITY
SMITHFIELD, RI

JUN 10-15, 2007

JOEL SWANSOM, CHAIR
LINDAMCPHAIL, VICE CHAIR

+ Keynote Lecture: Dynamics of NADPH
Oxidase Assembly
{Mary Dinauer)

+ Phagocyte Dynamics fn Vivo
{John Curnutte [ Jonathan Mathias f
Mark Miller)

* Chemotaxis
(Phil Mumhy | Peter Devreates |
Diane Cox / Andrew Luster)

= Development and Differentiation
{Michael Hengariner [ Alberlo Mantovani /
Richard Lang / Jay Kolls)

= Phagocytosis
{Eric Brown | Clifford Lowell /
Emmanuelle Caron f Sergio Grinstein /
Lynda Stuart)

= Organelle Trafficking
{David Russall / Norma Andrews |
Mark Marsh [ Gisou van dar Goat)

+ Microbicidal Chemistries
{Willlam Nauseel ! Deborah Melson /
Gary Bokoch [ Tony Kettle [ Gregory Taylor)

+ Innate and Specific Immunity
{Alan Ezekowitz | lra Mellman /
Daniel Portnoy / Ruslan Medzhitov)

« Inflammation
(Ut Knaus | Robert Kastelein f
Denise Monack / Kale Fitzgerald /
Masanon Alkawa)

» Atherosclerosis
{Samuel Silverstein | Stanley Hazen /
Tracie Seigol / Samuel Wright)

PHOSPHORYLATION & G-PROTEIN MEDIATED
SIGMALING NETWORKS

UNIVERSITY OF MEW ENGLAND

BIDDEFORD, ME

JUN 10-15, 2007

HEMRIK DOHLMAMN &

JOANN TREJO, CO-CHAIRS

J. SILVIO GUTKIND &

JEAM WANG, CO-VICE CHAIRS

* Keynote Talk: Chemotactic Signaling
(Peter Davreates)
» Opening Session: Systems-Level Analysis
of Signaling
(Rama Ranganathan / Alex Brown /
Bryan Rath)
+ G Protein Coupled Receptors
{Mark Von Zasirow [ Graeme Milligan /
Adrana Marchese [ Nevin Lambert)
+« MNon-Receptor Exchange Factors
(David Siderovskl | Xavier Morin /
Fengwei Yu / Kenneth Miler)
(Heldi Hamm [ John Sondek /
Catherine Berlot / Alan Smrcka)
+ RGS Proteins
(Kendall Biumer | Rick Neubig
Peler Chidiac / John Hepler / Marie Bums)
« G Protein Modifications
(Mauring Linger [ Anne Kenworthy /
Robart Deschanes / Mark Philips)
« Effectors Linked to Small G Proteins
[ Sihvio Gutkind | Ken Harden /
Wei-Jen Tang / Jean Wang)
« Effectors and Signaling Netwerks
(Pat Casey | Michael Koelle / Fuyu Tamanoi)

PHOTOCHEMISTRY

BRYANT UNIVERSITY

SMITHFIELD, RI

JUL 8-13, 2007

LINDA JOHNSTOM, CHAIR

BRUCE ARMITAGE &

MICHAEL WASIELEWSKI, CO-VICE CHAIRS

+* Flucrescence Based Biosensors
(Mancy Greanbaum / Alan Waggoner)

+« Materials
{Rene Janssen f Gerald Meyer /
Kirk Schanze)

+ Mechanistic Organic Photochemistry
{Mell Branda / Richard Givens /
John Toscano)

+ Photochemistry on the Nanoscale
(Moungi Bawendi / Daniel Falvey)

« Photoinduced Electron Transfar in
Biomolecules
(Tetsuro Majima / Ana Maoare)

+ Single Molecule Spectroscopy
(Sunney Xie)

= Supramolecular Photochemistry
(Cornelia Bohne [ Jochen Mattay /
V. Ramamurthy)

+ Ultrafast Dynamics
(Todd Martinez [ Erik Nibbering /
Albert Stolow)
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PHYSICAL ORGANIC CHEMISTRY
HOLDERMESS SCHOOL
PLYMOUTH, NH

JUN 24-29, 2007

R. STANLEY BEROWN, CHAIR
PETER SCHREIMER, VICE CHAIR

+* Nanochemistry and Things That Move
(Chris Easton | Ben Feringa /

Tito Scalano / Glen Miller)

+« Carbenes and Reactive Intermediates
(Daniel O'Leary | Dina Memer / Willie Leigh /
Haolger Bettinger / James Jackson)

+ Computational Chemistry and
Applications
(Tamia Cordova | Amnon Stanger |
Shmaryahu Hoz / Ula Wille)

+ Mechanistic Considerations in Synthesis
(Kathieen Kiway ! Cathleen Crudden /
Marsa Koslowski / Douglas Klump /
Carcl Parish)

+« Fullerenes [ Aromatics
(Edward Clennan | Cheryl Stevenson /
Luis Echegoyan / Graham Bodwell)

+ Enzyme Mechanisms and Mimics
[Jfohn P, Richard | Jeffrey Kaillor /
Andrew Bennel / Nick Williams /

Anatoli Yatsimirski)

+« Gas Phase Reactions
(Richard Nagorski | Jeehiun Lee |
Varonica Blerbaum)

=+ Eclectic Organic Chemistry /
Catalysis and Concepts
(Robin Hicks | John Baldwin /

Tyler McQuade f Bart Kahr / Colin Nuckaolls)

+ Poster Session Talks
(Pater R. Schreiner | Speakers to be
determined from posters al Conferanca)

+  Window to the Future
(Dirk Inze | Jian-Kang Zhu / Mike Tyers)

GRADUATE RESEARCH SEMINAR: PLANT
METABOLIC ENGINEERING

TILTON SCHOOL

TILTON, NH

JUL 13-15, 2007

JOE CHAPPELL, ERICH GROTEWOLD &
ELEANORE WURTZEL, CO-CHAIRS

The Gordon-Kenan Graduate Research
Seminar on Plant Metabolic Engineering is

a two-day Gordon Conference-style meeting
axclusively for graduate students and postdoctoral
fellows. Speakers will be chosen from amang the
attendees. The Plant Metabolic Engineering
Gordon Research Conference will take place al the
same location, immediately following the Seminar.

PLANT METABOLIC ENGINEERING
TILTOMN SCHOOL

TILTON, NH

JUL 15-20, 2007

ERICH GROTEWOLD, CHAIR

JOE CHAPPELL, VICE CHAIR

#« Metabolic Networks and Engineering:
Before Plants
(Rekfnhardt A. Rosson |
Claudia Schmict-Dannert /

Christina D. Smolke)

+ Organization and Evelution of Plant
Metabolic Pathways
[ Thameas Mitchel-Olds | Wolf B. Frommer /
Mary Schuler / Thomas Vogt)

+ Enzyme Plasticity: Friend or Foe in
Metabolic Engineering?

(Anme Osbourn f Reuben Peaters |
Birger L. Meller / Natalia Dudarewva)

+ Regulatory Factors for Metabolic
Engineering
(Neal Guttersan | Kazuki Saita /

Bert van de Zaal / Masaru Takagi)

+« Transport and Sequestration of Plant
Chemicals
(Natasha Raikhel! | Philip Rea /
Christoph Benning)

= Harvesting Energy and Bioconversion
(Shadene Weathernwax | Don Ort /
Alizon Smith / Barbel Hahn-Hagerdal)

+ Engineering Complex Agronomic Traits
(Andrew Hanson | Doug Cook |
Frangolse Vadele)

+ Planmt Metabolic Engineering for the
Developing World
(Maaren J. Chrispeels [ Mary Lou Guerinol /
Glaucia Souza / Victor Loyola-Vargas /
Richard Sayre)

POLYAMINES

WATERVILLE VALLEY RESORT
WATERVILLE VALLEY, NH

JUN 17-22, 2007

LEENA ALHONEN &

MARGARET PHILLIPS, CO-CHAIRS
SENYA MATSUFU &

PATRICK WOSTER, CO-VICE CHAIRS

= Diversity of Polyamine Function
{Phil Coffino [ Alan Fairlamb /
Kazuei Igarashi)
= Biosynthetic Pathways and Transport
{Patrick Woster ! Senya Maltsufig /
Migued Angel Medina / Ted Svbertz /
Sigrd Robers / Otto Phanstiel [V)
= Catabolic Pathways
{Bob Casero / Steve Ealick / Kami Kim /
Maria Bewley)
+ Systems Biology
{Keiko Kashiwagi ! Oliver Fiehn |
Tony Michael / Benjamin Tu / Dave Maomis)
+ Post-Translational Regulation
{Myung Park | John Atkins /
Ursula Mangold / Kuang Yu Chen}
+ Signalling
{Stina Ordesson [ Susan Gilmour /
Lisa Shantz / Keith Wilson /
Tomonobu Kusano)
« Bacterial Pathogenesis
(Anthony Pagg | Paul Williams /
Phil Rather [ Matt Mulvey)
+ Mammalian Pathogenesis
{Gene Gemer | Erkki Holttd / Cad Porter |
Juhani Janne [ Laurence Marton)
= Keynote: Clinical Applications
(Migel Yarfett / Cy Bacchi)

GRADUATE RESEARCH SEMINAR:
POLYAMINES

WATERVILLE VALLEY RESORT

WATERVILLE VALLEY, NH

JUN 15-17, 2007

MARC CERRADA-GIMENEZ, COLIN HANFREY,
MARGARET PHILLIPS &

ERIN WILLERT, CO-CHAIRS

The Gordon-Kenan Graduate Research Seminar
on Polyamines is a three-day Gordon Conference-
style meeting exclusively for graduale students and
postdoctoral feliows. Speakers will be chosen from
among the atlendees. The Polyamines Gordon
Research Conference will take place at the same
location, immediately following the Seminar,

POLYMER COLLOIDS

TILTON SCHOOL

TILTON, MH

JUN 24-28, 2007

ALEX WibN HERK, CHAIR
WOLF-DIETER HERGETH, VICE CHAIR

+ Controlled Radical Polymerization / Metal
Catalyzed Polymerization Applied in
Heterogencous Systems
{Bernadetie Charleux |
Palrick Lacroix-Desmazes | Jerome Clavere)

» Fundamentals in Emulsion Polymerization
(Pete Lovell / Rajan Venkalesh [

Bob Gilbert / Klaus Tauer)

+« Deliberate and Unwanted

{Hetero jcoagulation

| Tim McKenna)

Colloidal Interactions

{David Wiz | Jan Spitzer |

Martien Cohen Stuart)

= Colloidal Microgels
(Todd Hoare / Kazunari Akiyoshi)

+ Polymericdnorganic Nanocomposites
| Elodie Bourgeai-Lami | Stefan Bon /
Katharna Landfester / Brian Hawkelt)

+« Morphology of Latex Particles
{Masayoshi Okubo ! Don Sundberg)

= Special Topics in Emulsion Polymerization
(Axel Miller / Leon Bremer)

# High Throughput Technigues in Emulsion
Polymaerization
{Radislav Polyrailo)

GRADUATE RESEARCH SEMINAR:
POLYMER COLLOIDS

PROCTOR ACADEMY

ANDOVER, NH

JUN 22-24, 2007

WOLF-DIETER HERGETH, NIELS SMEETS,
FATIMA TORRES &

ALEX VAN HERK, CO-CHAIRS

The Gordon-Kenan Graduate Research Seminar
on Polymer Collolds is a three-day Gordon
Conference-style meeling exclusively for graduate
students and postdoctoral fellows. Speakars will be
chosen from among the attendees. The Polymer
Colloids Gordon Research Conference will take
place at Tilton School in Tillon, NH, immediataly
following the Seminar.

POLYMERS (EAST)
MOUNT HOLYOKE COLLEGE
SOUTH HADLEY, MA

JUN 17-22, 2007

KAREN WOOLEY, CHAIR
TIMOTHY LONG, VICE CHAIR

= Switching Systems
(Douglas J. Kiserow f Timothy M. Swager |/
Takashi Kalo)
+« Advanced Catalysis
(Eric Fossum f Alexandru D. Asandei /
Phillip D. Hustad)
+ Polymers for Blomedical Applications |
[ Scott Michae! Grayson |
Matthew L. Becker / Jean-Christophe Laroux)
# Polymers for Biomedical Applications Il
{Theresa M. Reineke | David M. Haddlelon /
Laura L. Kiessling)
» Hybrid Systems
(Patrick R.L. Malenfant | Alex Adronov |
Jennifer M. Cha)
+ Polymers in Nanomaterials
(Rached K. O'Reily / Valerie Sheares Ashby /
Robert B. Grubbs)
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+« Functional Materials
(Eva M. Harth / David E. Bergbreiter /
Wilhelm Huck)

+ Polymaers for Advanced Materials
Applications
{Martin Heeney | Douglas R. Robello /
E. Bryan Coughlin}

+ MNovel Polymeric Structures |
(Dawvid L. Green | Kennath R. Carter /
Christopher W. Bielawski)

+ Matural and Synthetic Self-Assembling
Systems
{J. Paul Armistead [ Heather D. Maynard /
Stuart J. Rowan)

= Novel Polymeric Structures Il
(Gevald O. Brown [ Andrew B, Lowa /
D. Tyler McQuadea)

+ Biological Mimics
(Sarah L. Goh ! Krisli S, Anseth /
Marcus Weck)

+ Dovelopment and Application of New
Polymeric Reactions
(Katherne Auvbrecht | Alan E. Rowan |
Krzysziof Malyjaszewski)

PROTEIN TRANSPORT ACROSS
CELL MEMBRANES

IL CIOCCO

LUCCA (BARGA), ITALY

JUN 10-15, 2007

CARLA KOEHLER &

JUERGEN SOLL, CO-CHAIRS
TASSOS ECONOMOU &

REID GILMORE, CO-VICE CHAIRS

+ Import into Organelles
{Gunnar von Heijne | Ralph Exdmann /
Enrico Schleifl / Walter Neupert /

Dannks Voelker)

+ How to Pass through the Translocon
(Jfim Whelan | Danny Schnell /

Toshiya Endo f Tassas Econamal)

+ The Intermembrane Space
{Nikolaus Planner ! Kai Hell /

Kostas Tokallides / Agnieszka Chacinska)

« Trafficking in Atypical Systems
(Tony Pugsley § Trevor Lithgow /
Francoise Jacob-Dubuisson f
Geoffrey McFadden)

+« Molecular Basis of Disease Related to
Trafficking
(J.L. Brodsky | Steve Claypool /

Dan M. Habert / Yukio Fujiki)

+« Getting to Translocons |
(Ida van der Kiei [ Ken Cline / Tracy Palmer /
Darnja Schuenemann)

+ Getting to Translocons Il
(Richard Wagner ! Aison Baker /

Shou-ou Shan)

+ The Eukaryotic Sec-Translocon: Different
Approaches and Different Views
(Roland Backmann | Amald Driessen |
Irmi Sinning / At E. Johnson)

+ Integration of Proteins into Membranes
(Cokn Robinson [ Rosemary Stuart /
Ross Dalbey / Tom Silhavy)

PROTEINS

HOLDERMWESS SCHOOL
PLYMOUTH, MH

JUN 17-22, 2007

CHRISTOPHER HILL &

GARY PIELAK, CO-CHAIRS
JACQUELYM FETROW &
TERREMNCE OAS, CO-VICE CHAIRS

= Keynote Talks: TEA
{Terrence Qas | Jeffery W. Kelly /
Jacquelyn Fatrow | X. Sunney Xie)

« Protein Chemistry and Biophysics in Cells
{Lila Glerasch | Patricia Clarke /

Jonathan Weissman / James Bardwell /
Philipp Salenka)

+« Motion and Function
{Carol Post | vet Bahar / Dorothee Kern /
Michele Viendruscolo)

+ Disorder, Aggregation, Kinetic Stability,
and Disease
{Andrew Miranker | Wilfredo Coldn /

Ron Kopita / Rohit Pappu | Roland Riek /
Josa Sanchez-Ruiz)

+ Membrane Proteins
({Stephen Betz / William Clemaons /

Volker Dotsch / Eduardo Perazao)

« Protein Networks and Complexes
(Swsan Baxter/ Tom Alper / Leslie Poole /
James Bowie [ Trey Ideker)

= Modification, Stress and Targeting
{Mary Munson { Brenda Schulman /
Ursula Jakob [ James Hurley)

» Protein Design, Modeling and Prediction
{Stephen Mayo [ David Baker /

Homme Hellinga / Hak-Sung Kim)

QUANTUM CONTROL OF LIGHT AND MATTER
SALVE REGINAUNIVERSITY

MEWPORT, RI

AUG 12417, 2007

PHILIF BUCKSBALM &

DAVID TAMMOR, CO-CHAIRS

YARON SILBERBERG, VICE CHAIR

=  New Trends in Quantum Control
(Moshe Shapiro |/ Peter Zoller)

+ Learning and Chemical Contral
{Herschel Rabitz /| Marcos Dantus /
Roseanne Sension / Michael Spanner)

+ Quantum Control and Quantum
Infarmation
{Chris Monroe / Mikhail Lukin)

+ Quantum Control in Chemistry and
Biology
({Gustav Gerber [ Graham Fleming /
Shaul Mukamial / Dwayne Miller)

+ Control in Spectroscopy
{Pawl Brumer | Tobias Brixner /
Steven Cundiff)

= Attophysics
{ Pierre Agostind | Paul Carkum /

Ken Schafer / Johan Mauritsson)

+ Quantum Control of New Physical
Frontiers
{Ronnie Kosloff | Sieflen Glaser)

= Strong Field Quantum Control
{Matthias Waollenhaupt / Marc Vrakking /
Benjamin Sussman / Christoph Meier)

= Control of Many Electrons
{Hardy Gross)

RADIATION & CLIMATE
COLBY-SAWYER COLLEGE

HEW LONDOMN, NH

JUL 28-AU0G 3, 2007

WILLIAM COLLINS &

PHILIP RUSSELL, CO-CHAIRS
QIANG FU &

CHRISTIAN JAKOB, CO-VICE CHAIRS

= HKeynotes: Properties of Clouds from
Multiple Sensors
(Graeme Stephens / Robin Hogan)

« The Climatic Role of Mixed-Phase Clouds
(Greg McFarguhar / Ann Fridland /
Alexel Korolev)

«  Multi-Scale Models of Cloud Systams
{David Randall f Chris Bretherion)

+« Properties of Aerosols from Multiple
Sensors
(Jens Redemann [ Olag Dubovik /
Brian Caims)

+ Regional Aerosol Models: Simulation of
Chemical Weather
(Grag Camichael / Jerome Fast)

+« MNew Theory and Observations of Cloud/
Aerosol Interactions
{Rob Wood / Bill Conant / Thanos Nenes)

+« Challenges in Earth System Modeling
(Peter Cox / Toshihiko Takemura /
Graham Feingold)

# Measurement and Modeling of the
Changing Cryospherne
{Timothy Garrelt [ Charles Zender)

RADICALS & RADICAL IONS
IN CHEMISTRY & BIOLOGY
HOLDERMESS SCHOOL
PLYMOUTH, NH

JUL 1-6, 2007

JAMES TAMKO, CHAIR
ARMIDO STUDER, VICE CHAIR

= Radicals in Synthesis |
(Thorsten Bach | Louls Fensterbank /
Uta Wille)

= Polymers and Materials
(Krzysziof Matyjaszewski /
Richard Welss / Silas Blackslock)

+« Radicals In Synthesis I
(Mick Sherburn / Chaozhong Li)

+ Reaction Mechanisms and Kinetics |
(Joe Dinnocenzo / Kim Balnes)

+« Radicals, Radical lons, and Electron
Transfer in Biclogy
(Marc Robert / Marc Greenberg /
Michele McGuirl)

+« Reaction Mechaniasms and Kinetics Il
(Osvaldo Lanzalunga / Fran Cozens /
Matt Platz)

SMALL INTEGRIN-BINDING PROTEINS
UNIVERSITY OF MEW ENGLAND
BIDDEFORD, ME

AUG 5-10, 2007

MEAL FEDARKO &

CECILIA GIACHELLI, CO-CHAIRS
MARC MCKEE &

SUSAN RITTLING, CO-VICE CHAIRS

+ Binding Consequences
(Neal Fedarko! Joanne Murphy-Lihirich /
Elizabath A. Komives)
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+ The SIBLING and CCN Families: The
Inside Story
(Jaro Sodek ! Mar Shinohara /
Maurice Ringuette / Benard Perbal)

=+ Genomic and Cis-Regulatory Analysis of
SIBLING & CCN Genes
(Steve Hamris | Masaki Noda /
Margarette Goppelle-Struebe)

& SIBLINGs and Cancer
{Vincent Castronovo f Akella Bellahcena /
Alison Allan / Susan Rittling )

+ Bioactive Fragments
(Ceciia Glachel] | Lucy Liaw [
Dennis Clegg f Vijaya Rao)

« CCHs and Cancer
(David Brigstock | H. Phillip Koaffler /
Mauhara Takigawa / Min-Liang Kuo/
Sushanta Banerjee)

+ SIBLINGs/CCNs & Normal Physiology
(Jary Feng [ Susan Schiavi / Emie Canalis)

+« Inflammation and Other Hot Topics
(Dawvid Denhardt | Dennis Bruemmer /
Lester Lau / Marta Scatena / Kathryn Wang)

SOLID STATE CHEMISTRY Il
MAGDALEMN COLLEGE
OXFORD, UNITED KINGDOM
SEP 2-7, 2007

EVGENY ANTIPOV, CHAIR
MARTIM JANSEMN, VICE CHAIR

+ Materials for Energy
(Bemard Raveau | Joachim Maier /
Claude Delmas)

+ Solids on the Nanoscale
(Mercour Kanalzidis [ Jing Li
Malcolm Green / Andreas Steln)

+ Now Materials for Heterogenesous
Catalysis
(Migue! Alario-Franco | Robert Shiag! /
Kenneth Poappalmeier)

+« Advanced Characterization
(Gustaal Van Tendeloo |
Juan Manuel Perez-Mato / Joke Hadermann)

+ Molecular and Bio-Solids
(Sergel Aldoshin | Elena Boldyreva /
Marina Petrukhina)

+« Framework and Cage Compounds
{Andrei Shevelkov / Sven Lidin)

+ Advances in Theory of Solids
(Jur Grin { Miroslav Kehout)

« Mew Horlzons for Oxides
(Peter Batte / Martha Greenblatt /
Patrick Woodward )

«  Magnetic Materials
(Pawl Aftfedd | Vitall] Pacharsky |
Antoine Maignan)

+ Spin Correlations in Solids
(Frank Steglich / Daniil Khomski)

+ Fascinating Chemistry of Nitrides
(Martin Jansen | Ridiger Kniep /
Frank DiSalva)

+ Animal Models, virulence, and Host
Defense Evasion
{Philippe Moreillon | Yok-Al Que |
Michael D. Menger ! Frank D. Lowy)

= MNovel Strategies to Combat
Staphylococeal Infections
(Hans Georg Sahl | Heike Broetz-Oesterhell /
Annaliesa Andersen | Neeloffer Mookherjee)

+ Staphylococcal Virulence Factors and
Host Cell Interaction
{Magnus Hook | Heiko Herwald f
Dominique Missiakas /
Triantafylios Chavakis)

= Immune Mechanisms in Staphylococcal
Disease
(Jean C. Lee | Victor Mizet /| Tammy Kielian /
Joos van Strijp)

+ System Blology of Staphylococci
(Jodi Lindsay | Brice Felden /
Matthias Heinamann / Makolo Kuroda)

= Bacterial Physiology and Metabolism
{Greg Somenille / Paul Williams /
Friedrich Goelz / Dorte Frees)

= Biofilm Growth of Staphylococci:
Implications on Regulation and
Metabolism
{Dietrich Mack | Johannes Knobloch /
Kimberly Jeflerson / George O'Toole)

= Controversies / Hot Topics
(Geong Peters [ Steven J. Projan)

STAPHYLOCOCCAL DISEASES

LES DIABLERETS COMFERENCE CENTER
LES DIABLERETS, SWITZERLAMD

SEP 2-7, 2007

MATHIAS HERRMANN &

HARALD LABISCHINSKI, CO-CHAIRS
KENNETH BAYLES &

BARRY KREISWIRTH, CO-VICE CHAIRS

+ Frontiers of Research In Staphylocoeci
(Richard A Proctor / Richard Novick /
Gursharan 5. Chhatwal)

STEM CELLS & CANCER

BIG SKY RESORT

BIG SKY, MT

SEP 9-14, 2007

MICHAEL CLARKE, CHAIR

MAARTEN VAN LOHULZEN, VICE CHAIR

« HKeynote Talk: Understanding the
Maolecular Basis of Oncogenesis
{Robert Weinberg)

+ Understanding the Molecular Basis of
Oncogenesis
{Stwrart Orkin / David Scadden /

Fhilip Beachy / Ihor Lemishka)

+ Cellular Hierarchy of Normal Blood and
Leukemia Cells
{Irving L. Weissman / D. Gary Gilliland)

+ |dentification of Self-Renewing Cells in
Solid Organs
{Connie Eaves | Jane Visvader [

Mobuko Uchida / Ronald Dephinho)

+ Identification of Cancer Stem Cells in
Leukemia and Braln Tumors
(Giulio Draetta / Peter Dirks / Jeremy Rich)

* Stromal Cell Interactions with Self-
Renewing Cancer Cells
{Mina Bissel / Patrick Brown / Stephen Weiss)

# Late Breaking Abstracts
(Fredereick W. All)

= Therapies Against Cancer Stem Cells 1
(Mapoleona Ferrara f Charles Sawyer /

A. Thomas Look [ Craig Jordan)

+ Therapies Against Cancer Stem Cells 2
{Barbara Weber / Timathy Hoey /

Catriona Jamieson)

STRESS PROTEINS IN GROWTH,
DEVELOPMENT & DISEASE
MAGDALEN COLLEGE

OXFORD, UNITED KINGDOM
AUG 19-24, 2007

PETER WALTER, CHAIR

BERND BUKALU, VICE CHAIR

+ Keynote Talk: Protein Misfolding in Stress,
Aging, and Neurodegenarative Disease
{Richard Morimolto)

= Aging and Longevity
(Cynthia Kenyon f Lenny Guarente /
Thomas Mystrm)

= Cell Biology and Mechanism
(Yoshinar Ohsumi / Sabastan Bamales /
Jeff Brodsky / Adi Kimchi / Kazuhiro Nagata)

+« Immunity, Infection and Cancer
(Laur Glimcher / Hidde Ploagh [
Chris Micchitta / Ana Marie Cuerva)

+« Metabolic and Nutritional Stress
(David Ron / Kaveh Ashrafi  Benjamin Tu)

» Oxidative and Metal-Catalyzed Damage
(Ursula Jakob / Sabesha Merchant /
Dennis Thiele}

# Protein Conformation Diseases
(Susan Lindquist / Adrdano Aguzzi /

Jeff Kelly / Jonathan Weissman)

+* Role of Stress Proteins
(Judith Frydman / Elizabeth Craig
Kavin Morano / Elizabeth Viering)

= Stress Sensing and Response
{Lea Sistonen / Carol Gross / Jon Lis /
Jason Brickner f Hana El Samad)

STRUCTURAL, FUNCTIONAL &
EVOLUTIONARY GENOMICS

WELLCOME TRUST CONFEREMNCE CEMTRE
HINXTON, CAMERIDGE, UNITED KINGDOM
JUL 28-AUG 3, 2007

EUGENE KOONIN, CHAIR

JOEL BADER, VICE CHAIR

= Structural, Functional and Evolutionary
Genomie
(Eugene Koonin | Jos! Bader)
#« HKeynote Talk 1: Evolution of Genome
Complaxity
{Michael Lynch)
= HKeynote Talk 2: TBA
(Naama Barkai)
« Structural Genomlcs
{Christing Orenga/ Rob Russell
Jeffrey Skolnick / Adam Godzick)
+ MNetwork Biology and Evolution
(Sarah Teichmann/ Hannah Margalit /
Jose Pereira-Leal / Trey Ideker / Greg Wray)
+ Clocks and Trees
{Lindell Bromham | Andrew Rambaut /
Russell Gray / Phil Donaghue / Zihen Yang)
= Comparative Genomics of Gene
Expression and Evalution of Non-Coding
Sequences
{Manalis Dermitzakis | Gerton Lunter /
Carlos Bustamante / Leonid Knughyak /
Greg Gibsan)
+ Major Evelutionary Transitions
(Purificacion Lopez-Garcia [ William Martin /
J. Peter Gagarten / L. Aravind / Franz Lang)
+# Evolution, Biodiversity, and Metagenomics
{Camila Nesbo ! Forest Rohwer /
Christa Schieper f Steven Hallam /
Oded Beja)
+ Viruses, Mobile Elements and Cellular
Evolution
( Valerian Dolja / Jurgen Brosius /
Roger Henrdix)
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+ Functional Genetic Screens
(Andrew Fraser / Jussi Taipale /
Brenda Andrews / Tony Hyman)

+ Synthetic Genomics
(Jell Boeke)

SUPERCONDUCTIVITY

LES DIABLERETS COMFERENCE CENTER
LES DIABLERETS, SWITZERLAND

SEP 9-14, 2007

NICOLE BONTEMPS, CHAIR

FUCHUN ZHANG, VICE CHAIR

« BCS at the Frontier
(A, Leggett ! M. Alford / W, Ketterda /Y. Lee)

+ Cold Atoms Merge with Condensed Matter
(G. Strinati { T. Esslinger [ R. Hulel /

C. Salomon)

+ Clues for Long Standing Problems:
Mechanism of Superconducivity,
Pseudogap, Coexisting/Competing States
(G. Deutscher | KA, Miller / A Yazdani)

+ Two Energy Scales in the
Superconducting State of Cuprates
(H. Takagi ! J.C. Davis / Z.X. Shen)

* Theory of Strong Cormrelations in
the Hubbard Model: Application to
Superconductors (Cuprates, Organics)
(A, Georges / K. Haule / T. Maier /

AM. Tramblay)

+ Unconventional Superconductivity,
Magnetism, Quantum Criticality in Heawvy
Fermions
(M. Sigristf L. Greene [ C. Pépin /

0. Stockert / H.Q. Yuan)

+ HNewly Discovered Superconductors,
Conventional Superconductivity?

(H. Atlow | Z. Hirgi / M. Ortolani / 5. Saxena)

+ Superconductivity in Confined Geometry
(H. Bouchial { J.M. Triscong)

+ Latest Developments and New Prospects
(0. Van Der Marel | K. Kilazawa)

THREE DIMENSIONAL ELECTRON
MICROSCOPY

COLBY-3AWYER COLLEGE

MHEW LONDOMN, MH

JUN 24-29, 2007

PHOEBE STEWART, CHAIR

WERNER KUEHLBERANDT, VICE CHAIR
STEPHEMN FULLER, CHAIR ELECT FOR 2004

Visualizing Biological Processes with
IDEM

(Phoebe Stewart | Tony Crowther |

Ron Miligan)

DMA Transactions

{Francisco Asturias  Eva Nogales)

RMA and Ribosome Transactions
(B.NY. Prasad)

Protein Filament Activities

{Darit Hanain)

Poster Presentations and Discussion |
{Shamon Walf)

Membrane Proximal Events

(Wemer Kuehlbrandt | Bernard Heymann /
Stephen Fuller)

Technical Advances

{Harald Rose [ Jens Meiler)

Poster Presentations and Discussion Il
{Esther Bullitt)

THIN FILM & CRYSTAL GROWTH MECHANISMS
MOUNT HOLYOKE COLLEGE

S0OUTH HADLEY, MA

JUN 24-23, 2007

PETER VEKILOV, CHAIR

JOMAH ERLEBACHER, VICE CHAIR

+* Fundamentals
(Peter Viekitov | Ellen Williams /
Alexander Chernov)

s Biomineralization
(Christing Omme | Joanna Aizenberg /
James DeYoreo)

+ Protein Crystallization
(Naomi Chayen | Katsuo Tsukamato |
Jonathan Doye)

+ Self-Assembly of Colloids
(Paul Chaikin / Bartosz A. Grzybowskd /
Alfons van Blaadaren)

+ Mucleation Mechanisms
(James Lutsko | Analoly Kolomeisky)

« Crystallization in Pharmacy and Medicine
(Michaal Doharty | Brian Johnson /
Leslie Leiserovitz / Ronald Nagel)

« Surface Morphology
(Kristen Fichthorn |/ Dionisios Margetis /
Vesselin Tonchev)

+ Organic Layers
(Melissa Hines | Margrel Giesen )

+ Thin Film Growth
(Jonah Erfebacher |/ Giovanni Constantini /
John Venables)

TIME-DEPEMDENT DEMNSITY-FUNCTIOMNAL
THEQORY

COLBY COLLEGE

WATERVILLE, ME

JUL 15-20, 2007

KIEROM BURKE &

CARSTEN ULLRICH, CO-CHAIRS

ANGEL RUBIO, VICE CHAIR

Fundamentals of TDDFT

(E.K.U. Gross | Giovanni Vignale /
Meta van Faassen)

Photochemistry and Excited -State
Dynamics

(Mark Casida | Giulla Galii /

Annabelia Selloni / Sergel Tratiak)
Optical Spectra of Materials: From
Nanocrystals to Solids

(Andreas Goering | Jameas Chelikowsky /
Lucia Reining)

Monadiabatic Electron-lon Dynamics
(Ever J. Baerends [ Oleg Prazhdo /
Rol Baer | Tehavdar Todorov)
Single-Molecule Transport

{Havold Baranger | Roberto Car /
Stafan Kurth)

Strong-Fleld Phenomena in Atoms and
Molecules

(Andre Bandrawk { Manfred Lein |
Thomas Brabec / Stephan Kuemmel)
New Functionals

{Giovanm Vignale / David Langreth /
Andreas Goerling)

Charge Transfer in Biomolecules
{Micola Marzari | Filipp Furche /

Tray Van Vioorhis / Neepa Maitra)

New Computational Deve lopments
{Angel Rubio | Stefano Baroni /

Miguel Marques)

TISSUE REFPAIR & REGEMERATION
COLBY-SAWYER COLLEGE

HEW LONDOMN, NH

JUM 17-22, 2007

JACK GAULDIE, CHAIR

LUISA DIPIETRO, VICE CHAIR

« Models of Tissue Repair
(Judy Abraham { Paul Martin / Tom Mustos)
= Coll Migration and Wound Closure
{Fred Grinned | Pierre Coulombe f
Bill Parks [ Liz Fini / Fred Grinnell)
» Anglogenesis, Lymphangiogenesis and
Neurogencsis
(Jeff Davidson | Nancy Boudreau [
Halger Gerhardt / Kari Alitalo /
Shahin Rafil / Lamry Benowitz)
+ Inflammation/Stress Molecular Triggers
(Luisa DiFfetro { Chanden Sen f
Hynda Kleinman / Waler Wahli /
Hannu Larjava)
= Regeneration
(Mavia Sibilia | Elen Heber-Katz f
Pascale Dufourcg )
+« Growth Factors in Repair
(Kathy Flanders | Sabine Werner /
Gary Grotendorst [ Jeff Hubbell /
Ping Wel / Lillian Nanney)
= Scarring and Regeneration
(Alain Mauviel | David Warburton /
Snorri Thorgeirsson / Erwin Bottingar /
Paul Noble / Bob Strieter)
+« Stem Cells and Regeneration/Repair
(Rick Bucala [ Barry Stripp [ Dianne Krause /
Eric Nellson / George Cotsanell)
= Bioengineering
(Molly Stoicheat | Anthony Atala /
Molly Shoichat)

TOXICOGENOMICS

COLBY-SAWYER COLLEGE

NEW LONDON, NH

JUN 24-28, 2007

CINDY AFSHARI &

CHRISTOPHER BRADFIELD, CO-CHAIRS
MARTYM SMITH &

CRAIG THOMAS, CO-VICE CHAIRS

+« Keynote Session: Toxicogenomics - A
Tool to Probe Disease and Mechanisms of
Toxicity

« Impact of Genomics in Resplratory
Toxicology

+ Kidney Disease and Nephrotoxicity
Biomarkers

= HNetwork Analysis and Integration

= Vascular Toxicity, Network Biology and
Biomarkers

+ Hepatotoxicity and Genomics Exploration

+ Human Susceptibility and Population
Analysis

s Epigensetic Toxicology

+ Predictive Toxicology: Applications and
Perspective
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TUBERCULOSIS DRUG DEVELOPMENT
MAGDALEN COLLEGE

OXFORD, UNITED KINGDOM

AUG 28-31, 2007

VALERIE MIZRAHI, CHAIR

ERIC RUBIM &

BALA SUBRAMAMIAN, COVICE CHAIRS

+ Strategies for the Development and
Daployment of New Antibiotics
{Valerie Mizrahi | Christopher Walsh /
Paul Farmer [ Nulda Beyers)
+ Lessons from the Broad Spectrum Area
(Bala Subramamian | Trevor Trust /
Steve Projan / Richard Lee)
« Sclentific lssues in Early Clinical
Deavelopmeant
(CHif Barry | David McMNeelay /|
Gerry Davies / Anne Lenaers)
* Mew Target Areas
(Harvey Rubin | Peter Tonge / Cindy Dowd)
+ Environmental Responses and Drug
Tolerance
(Dawvid Sherman | Bruce Levin § Kevin Petha)
+ Targeting Macromoelecular Synthesis and
Turmowver
(Thomas Dick { Cad Mathan /
Rajesh Gokhale f Thomas Keller)
+ Regulation and Metabolism
[ Tom Alber | Jim Sacchettini /
Halana Basholf)
+ HNew Technologles
(Eric Rubin | John Overington /
Chris Abell / Sarah Forlune / Tanya Parish)
« Getting Drugs to thelr Targets
(Ken Duncan / Paul Tulkens /
George Drusana { Chris Lipinski)

+ Immune Response and Pathogenesis
(Kim Hasenkrug { Skip Virgin | Troy Randall /
Daniel Douek / Michaela Muller-Trutwin /
Kathy Spindler)

+ Evolution, Epidemiology, Prevention and
Therapy
{Andrew Davizon | Francineg McCutchan |
Eddie Holmes [/ Mark Young /

Claude Fauquet { Richard Whitley)

VIRUSES & CELLS

TILTON SCHOOL

TILTOM, NH

JUN 3-8, 2007

DIANE GRIFFIN, CHAIR

ROZANME SANDRI-GOLDIN, VICE CHAIR

= Entry and Receptors
(Jeff Bergelson | Barnard Moss |
Felix Rey [ Terence Dermady /

Katya Heldwein / Roselyn Eisenberg)

+ RMA Virus Translation, Transcription and
Replication
(Ra¥ Bantenschiager | Doug Lyfes |
Andrea Brmarnik / Ann Palmenberg /

Didier Poncet / Sean Whelan)

+ DMA Virus Transcription, Translation and
Replication
(fan Mohr ! Deborah Spector /

Matthew Weitzman / Sandra Weller /
Blossom Damania / Robert Kalejta)

+ Dynamics of Intracellular Trafficking
(Karla Kirkegaard [ Xiaowei Zhuang /

Urs Graber | Gregory Smith / Michael Way)

+ Special Lecture: 50th Anniversary of the
Discovery of Interferon
(Otto Haller)

« Cellular Response to Infection and Virus
Counter-Response
(Oitto Haler [ John Hiscoll |
Takashi Fujita / Frank Chisari /

Adolfo Garcla-Sastre [ Marco Colonna)

+« Cellular Inhibition of Virus Replication and
Virus Countermeasures
(Michelle Barry | Ganes Sen |
Shou-Wel Ding / Richard Randall /

Joseph Sodroski [ Karen Mossman)

+ Assembly, Budding and Release
(Gabnella Campadaii-Fiume | Jool Baines |
Anette Schneemann / Alasdair Steven [
Caron Carter [ Venigallo Rao)

VISUALIZATION IN SCIENCE & EDUCATION
BRYANT UNIVERSITY

SMITHFIELD, RI

JUL 1-6, 2007

ROY TASKER &

CHRISTOPHER WATTERS, CO-CHAIRS
SHAAROM AINSWORTH &

ARTHUR OLSON, CO-VICE CHAIRS

« Interpreting Visual Data with Difficulty
(Bart Anderson / Eric Scemi)

+ Creating Visualizations of Biological
Complaxity
{Andrew Hanson / David Goodsell /
Graham Johnson)

+ Issues in Visualizing Chemical Concepts
{Michael Stieff / Karl Harrison)

= Visualizing Physical Phenomena using
Interactive Media
(Chandrajit Bajaj / Gabriela Weaver /
Pablo Morales)

+ Multidisciplinary Approaches to
Visualization in Science Education
{Mary Shultz / Jemy Honts [
past Visionary Grant recipients)

+ Effective Data Presentation for Museum
Audiences and Informal Learning
{Donna Cox / Ka Chun Yu f
Martin Slorksdiek)

# Improving Public Understanding of
Science Through Visualization: A Panal
Discussion
{Robin Heyden / Rebecca Perry /

Larry Gonick)

+ Effective Visualizations in the
GeoSciences
(Tim Spangler ! Kim Kastens [ Janice Gobert)

+ Visual Problem Solving
{Peter Akins)

VITAMIN B, & CORPHINS
UNMNERSITY OF MEW ENGLAND
BIDDEFORD, ME

JUL 1-8, 2007

WILFRED VAN DER DONK, CHAIR
BERNHARD KRAEUTLER, VICE CHAIR

« MNew Developments in Mechanism and
Structure
{Bernhard Krautler [ Bemard Golding /
Michael Wianer)

+ Medical Aspects of B,

{Saren Moestrup / Brian Fowler /
Mette Madsen / Joshua Miller /
David Rosanblatt)

= Spectroscopy and Theory
{Thomas Brunold / Roseanne Sension /
David Smith)

+ Mechanisms of B -dependent Enzymes
{Rowena Matthews | Caithy Drennan |
Ruma Banerjea / Tom Bobik /

Angela Fleischhacker / George Reed)

« Corphins
(Rolf Thawer ! Evert Duin f
Stephen Ragsdale [ Marc Zimmer)

+« Biosynthesis and Uptake
(Tetsuo Toraya [ Alison Smith /
Michi Taga / Martin Warmen)

+ B, in Human Health
(Ralph Green / Andrew McCaddon /
Charles Grissom / Rima Obeld)

« Model Systems
{Ken Brown | Rudi van Eldik / Kris McMNeill /
Roger Albarto)

= Perspectives and Prospects
(Wilfred van der Donk ! John Roth /
Ebba Nexa)

X-RAY PHYSICS
COLBY-SAWYER COLLEGE

NEW LONDON, NH

AUG 510, 2007

KEMMETH FINKELSTEIN, CHAIR
JUNICHIRO MIZUIKI, VICE CHAIR

+ Science Frontiers Using New X-Ray
Sources
(H. Dosch ' T. Ishikawa / J.R. Schneider)
+ Ultra-Short Pulse X-Ray Science
(D. Reis f A. Cavalleri / D. Villeneuve /
H. Chapmann}
+ Frontier Applications for Soft X-Rays
(B Abbamonie | George Sawalzky [
C. Schifler-Langeheaing)
# Coherence and Phase Imaging
(2. Shen | F. Pleiffer [ P. Fentar [ M. Giglio)
+« Mew and Movel X-Ray Scattering
(. Goulon /' W. Bailey ! T. Arima)
+ Materials Science with Nano-Scale Beams
(D. Bilderback | A. Macrander /
M. McMahon 1Y, Terada)
+ Hot Topics
(5. Gruner [ A. Bosak | Y. Shvyd'ka)
+« X-Rays In Medicine, Life, and
Environmental Sciences
(A, Bravin / Y.Sasaki/ Z. Zhong | K, Boyce)

th

visit the frontiers of science:

www.grc.org
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POSITIONS OPEMN

ASSISTANT /ASSOCIATE PROFESSOR,
Gene Tho:rapg' Program, Louisiana State Univer-
sity Health Sdences Center. The Gene Therapy
Program at the Louisiana State University Health
Sdences Center (LSUHSC) in New Orleans, Loui-
siana, invites applications for a tenure-track faculty
position at the level of Associate Profesor or As-
sistant Professor. Applicants must hold a PPh. 1Y, and /
or an M.D. degree. The position would suir an indi-
vidual with interest in gene delivery and #or vaccina-
rion for modulation or prophylaxis of infectious or
neoplastic discase, arcas of current strength within
the Program. We are particulardy interested in can-
didates who have demonstraced translational rescanch
capacity, and intramural funding is available to sup-
port developmental and ongoing translatonal studics.
Cuarrent external funding held by Program members
cxcceds 523 million, mostly from the Mational Insti-
tutes of Health, and includes Federal and state PO
awards. The Program was founded in 2000 and is
partmered with Tulane University Health Sciences Cen-
rer and LSU-Shreveport in the stare-funded Lowisi-
ana Gene Therapy Rescarch Consorum (LGTRC),
The Program is locared in the new Clinical Scienees
Research Building ar LSUHSC in space adjacent to the
Stanley Scotr Cancer Center. The Program currently
has seven feulty members, several adjunct faculy,
funds three starc-of-the-am core fcilities in mor-
phology and imaging, microarmay and bio-informatics
and vector development, and oversees a BSL-3 faal-
iy, State-of-the-art immunology and proteomics
cores have also been developed ar LSUHSC, Through
the LGTRC, we will have direct access to wer labora-
tory space in the New Orleans Biolnnovation Center
and a good manufacturing pracrice facility currently
under construction thar will facilitate the develop-
ment of dinical trials ansing from Program rescarch.
Applicants should send an e-mail including curncu-
lum vitae ro: Die, Alistair Ramisay, Program Director
at e=muail: slaure@suhscedu. LSUHSC i an Fgual
Clpporrn ﬂ']'.-'.'_l!'frlllil'll'r Adion Employer.

ENDOWED CHAIR in the BIOCHEMICAL
SCIENCES
Deparmment of Chemistry
University of Missouri-Rolla

Distinguished scientists are encouraged to apply
for the Richard K. Vitek /Foundation for Chemical
Resesarch (FCR) Endowed Chair in Biochemistry,
including the arcas of bioorganic, biophysical, or
biomaterials chemistry at the University of Missouri-
Rolla (UMR). The new position carrics a very gen-
crous endowment, which can be used in pamr to
support the research of the Chair. The Richard K
Vitek/FCR Endowed Chair in Biochemistry will
provide important leadership for UMR's rargeted
growth in the biosciences. A new biosciences build-
ing has been cstablished by the state of Missour
as the next capital improvement project for higher
cducation.

The successful candidare should have a Doctorate
in chenustry, biochemistry, or a related feld, and
have an outstanding intermational reputation and
publication record, and a substantial record of ex-
tramural funding. This search has been extended and
review of applications will resume on March 15,
2007, and continue untl the position is filled. For
further information, we encourage you to visit our
website: hitp: //chemuumr.edu or contact Profes-
sor Jay A. Switzer at e-mail: jswitzer@umr.edu.

Please submit curriculum vitae and short summa-
rics of past rescarch accomplishments and furure
rescarch dircarions to: Human Resource Services,
Reference Number: 00033199, University of
Missouri-Rolla, 1870 Miner Cirde, Rolla, MO
65409- 1050,

UMR 5 an Affirnative Action /Equal Employment
Employer. Wonren, minoritics, amd persons avith disahilites
are encounnged & apply.

POSIT 5 OPEN

US DA Agricultural
il Service
www.ars.usda.gov

AGRICULTURAL RESEARCH SERVICE
Website: http: //www.ars. usda.gov

United Stares Department of Agricolure, Ag-
riculural Rescarch Service (ARS), Beneficial In-
st Introductions Research Laborarory in Newark,
Delaware, secks a full-time, permanent RESEARCH
ENTOMOLOGIST (GS-12/13/714) o work on
biological control of emerald ash borer and other
invasive insect species. Ph.DD. in emtomology or other
biological science with strong emphasis on ccology is
preferred. Requires training or expericnee in design
and conduct of field experiments on spatial and
temporal population dvnamics of inscas and their
namral enemics, as well as mathemarical modeling
and staristical analysis of resulting data, Annual salary
is S66.914 o $122,235 plus benefits. Application
procedures and qualifications for the posinon are
available ar website: hutp:/ Swww.usajobs.com, An-
nouncement number ARS-X7E-0084. If vou need a
printed copy mailed please call telephone: 302-731-
7330, ext, 222, UUA cotizenship o requered. Applica-
tions must be received by March 23, 2007, ARS is an
If.1lld.rI tJP"Ur"Hflrr' !:‘H?"Jl"rﬁ -JHJ jlil'l.lrilgrr.

FACULTY POSITION
Temple University School of Medicine
Department of Biochemistry
The Depariment of Biochemisiry, Temple Urn-
versity School of Medicine (website: http://
www.temple.edu/medicine/) invites applications
for a tenure-track fculty position. The successtul
candidate will be expeaed 1o develop a strong,
externally funded rescarch program thar effecrively
interfaces with one or more of the departmental
arcas of rescarch focus as well as with existing re-
scarch centers within the School of Medicine. f{:ml:
will be ASSISTANT or ASSOCIATE PROFES-
SOR, depending on cxpenence and credennials,
Teaching responsibilities will be in departmental
courses 1n medical and graduate educanon. Appli-
cants should send a lewwer outlining current and fu-
ture rescarch plans, curnculum vitae, and names of
three references via e-mail: ppileggi@temple.edu or
by mail to:
Dir. Joanne Orth, Senior Associate Dean for
Faculty Affairs
/o Ms, Patricia Pileggi
Office of Faculty Affairs
Temple University School of Medicine
3420 North Broad Streer, 108 MEB
Philadelphia, PA 19140

Temple University is an Affirmabive Action/ Egqual Oppor-
rurity  Enployer and strongly  enconnsges appliantions from
Pl )] .JHIF PR TR i T

FACULTY POSITIONS
All Areas of Life Science
MNational Central University, Taiwan
The Department of Life Science at Natonal Cen-
tral University, Taiwan, is sccking applications for
Faculty Positions at all ranks. Candidates must have a
I*h.1D. degree in life sciences-related ficlds and two or
more years of postdoaoral or equivalent research
expercnce. To guarantee full consideration, candi-
dates should submir applicanons by April 15, 2007,
To apply, submit a letter of intent, curnculum vitac
with publication lists, reprints of representative pub-
lications {one to three), boef weaching and rescarch
plans, and have three letrers of recommendaton sent
ro: Recruitment Committes, Department of Life
Science, National Central University, 300 Jhong-
Da Road, Jhong-Li, Taiwan, E-mail: slej@ncuedu.
tw, fax: BB6-3-4228482. The scarch will remain
open until the position is filled.

WWW.SCiencecarsers.o g
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FOREIGN FACULTY
FACE CHALLENGES

Many foreign-born scientists have made the United States their home be-
cause the counlry provides some of the best lraining and career opportunilies
worldwide. But life as a foreign scientist is not without its challenges. By Laura
Bonetta

X RESIANL O

hortly after joining William Earnshaw's lab at Johns Hopkins School
of Medicine in 1991, Russian-born Yuri Lazebnik attended a
seminar. Although he did not know the speaker, he could tell
from everyone's anticipation ofthe talk that he was a famous
scientist. As the seminar started, Lazebnik discovered the speaker
had a heavy foreign accent. *l looked at everyone around me and
realized at that moment that if you have something to say and can be
understood, it does not matter where you come from,” he recalls.

Lazebnik, now a professor at the Cold Spring Harbor Laboratory in Long
Island, New York, is one of many foreign-born scientists who emigrated to the United
States for their postdoctoral training and decided to stay in the country. The proportion
of postdoctoral scholars on temporary visas increased from 37.4 percent in 1982 Lo
58.8 percent in 2002, outnumbering U.5. citizens and permanent residents. Although
many foreign postdocs return to their home countries to land academic positions, many
others choose to remain. A survey by the scientific society Sigma Xi (Research Triangle
Park, North Carolina) found that the United States was the most attractive place to
settle for postdoctoral scholars of all nationalities, regardless of where they earned their
Ph.D.s. And the fondness is mutual. A recent report on foreign scholars published by the
Mational Academies of Science (NAS) concluded thal, in order to maintain its dominance
in science and technology, the United States should continue to recruit the best and
brightest international students.

But this does not mean that being a foreign-born scientist in the United States is
without challenges. Some of the difficulties are obvious. Immigration red tape, especially
in the post 9/11 climate, makes it more difficult for foreign postdocs to find permanent
employment in the United States and to travel internationally. Other challenges are not
as clearly defined. The Sigma Xi survey found that although international and domestic

academic postdoctoral scholars expressed similar satisfaction with their training “If you have something to say
experience, temporary residents had more limited access to funding sources and to

employment opportunities. In addition, the stipends of temporary residents were about and can be understood, it does not
7 percent less than those of citizens. Other studies show that the length of postdoctoral

appointments tends to be slightly longer for noncitizens, “maybe because they do matter where you come from. ”

not navigate the system as well,” says Chiara Gamberi, vice chair of the International
Committee of the Mational Postdoctoral Association. “We don’t have enough data to
know what the effects are.” Without a doubt, language barriers, cultural differences,
and distance from family and loved ones make the lives of foreigners, in any type of
waork, more challenging.

Immigration Woes
After the terrorist attacks of September 11, 2001, the U.5. government introduced a UPCOMING FEATURES
numberof new policies and procedures aimed at increasing securily inits visa processing
system. As a result, almost all visa applicants have to appear for a personal interview at
the nearest U.5. consulate, sometimes waiting up to four months to get an appointment.
Sometimes applications undergo a second review by the U.5. Department of State in Careers for Postdoc Sclentists: Transeferable Careers — April 20
Washington, D.C. A security review process known as Visas Mantis, CONTINUED »

International Careers Report: Science in Europe — March 2

Careers in Cancer Research — April &

www.sciencecareers.org 695
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MEDICAL

COLLEGE
OF WISCONSIN

The Medical College of Wisconsin invites nominations and applications for faculty positions at all levels (Assistant, Associate or Full
Professor) o study signal transduction and'or molecular gencetic mechamsms involved i cancer. The positions are part of the College’s
expansion of basic cancer rescarch to complement our state-of-the-art clinical cancer care. Competitive development packages arc avail-
able for these positions, including an endowed chair in Breast Cancer Rescarch For an established investigator. The successful candidates
will obain a primary appointment in a basic research department and membership in the Cancer Center.

FACULTY POSITIONS
BREAST CANCER RESEARCH

The Medical College of Wisconsin i www.mew.edu ) is the largest private rescarch institution in Wisconsin, conducting over 5130 million
annually in funded research. Over the past several years the College has been among the fastest growing medical schools in the United
States in lerms of NIH funding. In addition to a strong core of basic biomedical seience departments, the Medical College is home to
nine federally designated Centers of Biomedical Research. Excellent shared Facilities are available for protcomics, imaging, molecular
biology, mouse/rat genetics, flow cyviomelry, mass spectrometry, electron microscopy, X-ray crvstallography and NMR. The research
and climeal programs benefit directly from strong philanthropie support from cancer survivors, Tamily members, and patient advocates.,
The College is completing major new research and cancer care facilities, including a Cancer Pavilion and a Basic Rescarch Building
housing imerdisciplinary research programs,

The Medical College is conveniently located in suburban Milwaukee and is pant of an academic medical center that includes nationally
distinguished children’s and adult hospitals that employ over 13,000 people. The College is located 8 miles west of Lake Michigan with
easy access o surrounding communitics, lakes, and parks.,

Salary and other consideratons will be competitive and consistent with the College’s commitment to recruiting the best-qualilied individual,
Applicants should provide curriculum vitae, statement of rescarch interests, and the names and contact information of three references.
Please submit application materials, preferable electronically (PDF) 1o one of the following chairs at cancersearchia mew.edu :
Raobert Deschenes. Chair William Campbell, Chair Paula Traktman, Chair
Dept of Biochemistry Dept of Pharmacology Dept of Microbislogy/Molecular Geneties
rdeschenia mew.edn wheampia mew.edn ptraktie mew.edu
www, mew.cdu/biochemisiry www.mew.edu pharmtox www.mew.edu/microbiology

EOE MV fwwwamrowseddrd

Center for Biopreparedness and Infectious Disease
Department of Microbiclogy and Molecular Genetics

Tenure Track Position:
Microbial Pathogenesis and Host Response

Candidates with advanced degrees (MD, PhD,
MD/PhD) are invited o apply for a tenure-track

M‘EDIC Al Assistant Professorship; outstanding individuals of
- higher rank will be considered. Investigators inter-
COLLEGE

OF WISCONSIN cated inthe imeraction of microbial pathogens with

= their mamimalion hosts are encouraged o respond.
We are particularly imterested in scientists whose research centers on the
mechanisms by which bacterial pathogens imerface with cellular functions
and manipulate the innate or acquired immune response,

The Center for Biopreparedness and Infections Discase (CBID) 15 part
of campus wide initiatives to build research programs with relevance
for the development of novel therapeutics and vaccines. Members of
CBID and the Department of Microbiology and Molecular Genetics
actively participate in the Great Lakes Regional Center of Excellence
for Biodefense and Emerging Infectious Disease Rescarch, The suc-
ceasful applicant will join a highly interactive and collegial group of
well-funded investigators and be expected to establish an independent
rescarch program that includes participation in gradume and medical
student teaching. Compentive packages with salary support and stan-up
funds. newly constructed labortory space and state-of-the-art BSL3 and
ABSL3 core facilities will be provided

Applications will be considered as they armive but must be received by
March 15, 2007, Applicants should submit a corricafm vifae, statement
of resecarch interests and the names of three refierences ¢/o Cathi Kienast
t; Dr. Dara W, Frank, Dircetor, Center for Biopreparcdness and
Infections Dscase, Medical College of Wisconsin, 8701 Watertown
Plank Rd.. Milwaukee, W1 53226, E-mail ckicnasti mew.cdu; hitp:
Hwww.mew.cdu/microbiology,

EEQ/AAMEDY

UNIVERSITY OF tE

Cincinnati
Chair, Department of Cell and Cancer Biology

The University of Cincinnati Colbege of Medicine secks applications and nomi-
naiions for the position of Professor and Chair, Depariment of Cell and Cancer
Biology. We seek an internationally recognized academic leader with a strong
track record of scientific accomplishments, who can enhance current strengths
in cell and cancer biology research m the areas of hormone-dependent cancers,
cell evele, environmentally induced cancers, tumor suppressors, cyvtoskeleton,
and signal transduction, This is an exceptional opportunity for someone with
vision 1o lead and expand a prominent academic research unit.

The Department of Cell and Cancer Biology is home to hificen established
cell’'cancer biology rescarchers, including a member of the National Academy
of Sciences. Total extramural grant holdings of the faculty place the Depart-
ment 11" among all US public medical school Cell Biology depariments.,
The Department hosts a vibrant imterdisciplinary Cell and Cancer Biology
graduate program, with three NIH-funded tmining grants providing suppon for
many of its trainces. Resources are excellent; the Department is housed in the
Frank Gehry-designed Vonte Center for Molecular Studies, with outstanding
research space and ancillary facilities, The Umiversity of Cincinnat College
of Medicine ranks 19th among all public medical schools, with more than
$250 million in sponsored program awards,

Interested candidates should submit a comprehensive curriculum vitac
and conlact information for three references o: The Office of Faculiy
and Administrative Affairs, The University of Cincinnati College of
Medicine, 200 Albert Sabin Way, Suite 1200, Holmes, Cincinnati, Ohio
45267-0554, ATTN: Cell and Cancer Biology Chair Scarch: or ¢-mail:
marianne.nichausi@ ve.edu. Review of applications will commence imme-
diately and continue until the position is filled.

The Umiversine af Cincinmati is air Affirmarive Aerion,
Equal Opportanity Emplaver. Women, minorities,
izsabled persons, Fietom era and disabled velerans
are encanraged to apply, The U.C, Academic Health
Center is a snoke-free work envirosment,




“Benefits have to be
discussed in the U.S. — in
Europe you just have them.”

Joel Shulman

Chiara Gamberi

required for applicants with a background in one of the sensitive
technologies on the Technology Alert List, is behind most of the
delays experienced by foreign scientists. Visas Mantis is not a new
procedure, but the number of applications being reviewed increased
from about a thousand in the year 2000 to 20,000 in 2003 (Science
312:657, 2006).

The process is a source of frustration to many foreign scientists
visiting the United States. Last year, Indian chemist Goverdhan
Mehta, who serves as president of the International Council for
Science, canceled a trip to the University of Florida when his visa
application was found in need of further scrutiny. The scientist told
the Indian press that he found the review process humiliating and
UNNeCessary.

Although the Mehta case caused a stir in the international
scientific community, most visa problems go unheard, and it is
impossible to know how many scientists are simply refusing to travel
to the United States. Delays in obtaining a visa approval can have
particularly damaging consequences for scientists who are working
in the United States. “We know of cases where they have gone home
for an emergency and cannot get back because of visa problems,”
says Wendy White, director of the Board on International Scientific
Organizations at NAS. " They are separated from their families, cannot
pay their bills, and sometimes lose their jobs.” White oversees NAS's
International Visitors Office  (http://www7 .national-academies.
org/visas), sel up to help scientists who have been waiting for visa
approval for more than three weeks. The office alerts the Department
of State of such cases in an effort to expedite the review process.

Fortunately, such problems are gelting, by all accounts, less
frequent. The numberofcases the International Visitors Office at NAS
dealt within 2006 was down te 204 compared to 856 in 2003. And in
2005, the Department of State announced that it increased staffing
and streamlined systems to reduce the average time for obtaining
Visas Mantis clearance to less than 14 days. “ The perception that the
U.5. does not welcome foreign students is diminishing,” says Amy
Scolt, senior federal relations officer at the Association of American
Universities, “Ithink we are getting back to being seen as a welcoming
nation both for students and in terms of faculty opportunities.”

But White says more should be done to avoid long delays for visa
applications. “We understand the need for security, but perhaps
people who have successfully completed the clearance process
could be given a special status so that they do not have to undergo
these interviews each time they need or want to travel to the United
States,” she suggests.

WWW.SCIBNCECarneers.org
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Cut Off from Funding

At the moment, tenured faculty positions in the United States are
hard to come by, regardless of citizenship. This is in part due to the
fact that, as National Institutes of Health Director Elias Zerhouni
recently pointed out, the number of scientists in the United States
has dramatically increased over the past decade (Science, 314:1088,
2006). But although foreign postdocs now outnumber home grown
ones,areport by the Federation ofAmerican Societies of Experimental
Biology (FASEB) concluded that “there is no evidence that they are
taking permanent jobs away from U.S. citizens” (Garrison et al.
FASEB /. 19:1938, 2005). In fact there are hints that foreign postdocs
may have a harder time landing permanent faculty positions than
their U.5.-born colleagues.

For one thing, most federal funding sources for postdoctoral
training are strictly reserved for U.5. citizens and U.5. permanent
residents. This not only translates to lower salaries, on average, for
foreign postdocs, but also renders them less competitive. The NAS
report, Addressing the Nation's Changing Need for Biomedical and
Behavioral Scientists (2000), found that postdoctoral participants in
the National Research Service Award program, from which foreign
scientists are barred, completed their postdoctoral training faster
and went on to more successful research careers. In particular,
former NRSA fellows were more likely to be successful in competing
for NIH grants as independent investigators.

Scientists on temporary visas don't have access to some
government jobs, such as principal investigator at the NIH. While
there is no evidence that foreign applicants would be less desirable
to a university's faculty hiring committee, "it is more complicated
to hire foreign faculty because of the paperwork,” says Gamberi.
Indeed, in industry, foreigner-born postdocs have to go the extra
mile to land a position, For the past five years, Joel Shulman, adjunct
professor of chemistry at the University of Cincinnati and former
manager of doctoral recruiting and external relations at Procter &
Gamble, has been running a workshop at the annual meeting of the
American Chemical Society for foreign nationals who want to remain
to work in the United States (http://www.chemistry.org/careers).
*To hire you on a permanent basis, employers have to sponsor you
for a green card. If they see no route for getting a green card, they
will not hire you,” explains Shulman. “A lot of companies are affraid
of the time and effort.”

He advises students Lo “develop a skill set that is desirable to a
company and not held by all others.” Only about half of graduates
in chemistry do a postdoc, but the additional training is almost
mandatory for foreign nationals. During the postdoctoral term, a
scientist can acquire additional skills and his or CONTINUED #

(s

v Association of American Universities » The National Academies
http:/ /www.aau.edu http:/ /www.nas.edu

» University of Cincinnati
http:/ /www.uc.edu

» Cold Spring Harbor Laboratory
http:/ /www.cshl.edu

* Division of International Services/
ORS, NIH
http:/ /www.ors.od.nih.gov

» University of Michigan
http:/ /www.umich.edu

® McGill University
http: //www.mcgill.ca
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& ALBERT

EDMONTON, ALEERTA, CANADA

www.c;am&m.ua]bana.ca*

Assistant or Associate Professor in Neurobiology

We invite applications for a tenure-track position at the
Assistant or Associate Professor level in research areas
related to comparative neurophysiology, neuropathogenesis
or molecular neurobiology. The successiul candidate will be
expected to interact with a strong comparative physiology
group that has expertise in developmental, molecular and
evolutionary neurophysiology, and cellular
neuroendocrnology. Strong collaborative interactions are also
available with the Centre for Neurosciences and the Centre

collaborative research. Exceptional infrastructure includes
molecular biology and microscopylimaging services, animal
care and aquatic facilities and access to Bamfield Marine
Sciences Centre.

Candidates should submit a curiculum vitae, a one-page
summary of research plans, a statement of teaching interests
and reprints of their three most significant publications
preferably electronically to positions@biology.ualberta.ca or to:

Dr. L. 5. Frost, Chair

for Prions and Protein Folding Diseases. The candidate
should have a strong record of research and demonstrated

potential for excellence in teaching. The University of Alberta

offers a competitive salary commensurate with experience
and an excellent benefits plan.

The Department of Bidlogical Sciences
(httpuiwww.biclogy.ualberta.cal), with 72 faculty members

and 275 graduate students, offers an exciting environment for

Department of Biological Sciences
CW 405 Biological Sciences Building
University of Alberta

Edmonton, Alberta, Canada T6G 2E9

Applicants must also arrange for three letters of reference to
be sent to the Chair. Clesing date for this position is April 1,
2007. The effective date of employment will be January 1, 2008,

All qualified candidates are encouraged to apply, however, Canadians and permanent residents will be given prority. If suitable Canadian citizens
and parmanant residents cannot ba found, other individuals will be considerad. The University of Alberta hires on the basis of merit. We are
commilled ko the principle of equity in employment. We welcome diversity and encourage applications from all qualified women and men, including
persons with disabilities, members of visible minorities, and Aboriginal persans,

CARDIOVASCULAR GENOMICS DIRECTOR

CENTER FOR TRANSLATIONAL MEDICINE
Jefferson Medical College, Philadelphia, Pennsylvania

The Center for Translational Medicine in the Department of Medicine,
Jefferson Medical College seeks an outstanding scientist for cstablish-
ment ofa program in eardiovascular genomics or phamacogenomics and
heading a Core unit within the Center and Depariment. A tenure-track
appointment is available at any level depending on qualifications and
expenence. We seck a scientist who will complement and synergiee
with ongoing basic and clinical rescarch programs in the Depanment of
Medicine and within Thomas Jefferson University. In particular, we seck
individuals with research interests in cardiovascular genomics/genetics
with experience in the latest technology and bioinformatics and who
can not only direet ther own research program but also head an exist-
ing Genomics Core. The multidisciplinary Center has state-of-the-art
technology in gene discovery, gene and cell transfer, imaging., functional
genomics and animal models of human disease and is housed within
a new 30,000 sg 1 facility. Inaddition, collaborative opportunities are
available in the Cardem Foundation for Hematologie Research, the
Kimmel Cancer Center, the Vascular Center, and a newly established
Center for Kidney discasce.

Interested candidates should have an MDD, PhD or MINVPRD degree and
a strong academic record. Candidates with extramural support will be
a priofity but not a requirement, however, voung investigators must
have excellent traming and track record. Competitive packages will be
offered based on qualifications. Located in Center City Philadelphia,
Jefferson Medical College 15 one of the oldest and highly respected
medical schools in the U.S. Founded in 1824, the Medical College is
part of Thomas Jefferson University and affiliated with Thomas JefTerson
University Hospital and the JefTferson Hospital for Neurosciences.

Please send letters of interest and CV's 1o: Walter J. Koch, PhD, Direc-
tor, ¢fo Ms, Margit Nesemelvi, Center for Translational Medicine,
Jefferson Medical College, 1025 Walnut Street, Room 317, Phila-
delphia PA 19107; Email: Margit.Nesemelvida Jefferson.edu: Ph:
215-955-9981,

Cancer Research

iting in

Faculty Recru

The Jackson Laboratory, a worldrenowned mommalion genetics
research instiution and NCldesignated Cancer Cenler, has
launched a major faculty expansion in Cancer Research,

We encourage u;;picu!ims for posifions al the Assistant,
Associate and Full Professor level, especially rom those with
an inleredt in interdisciplinary and/or ranshational approaches.
Candidates should have a Ph.D., MD., or D.VM., and have
completed postdocional iraining with a record of research
excellence, and they must have the ability to develop a
compelitive, independenthy-funded research program that takes
advantage of the mouse as a genetic model for human cancer.

We olfer a unique scienlific ressarch environmant, including
ancelent collaborative opportunifies within our foculty of

37 prindpal investigators, unparalleled mouse genomic
resources, oukstanding core sdentific support services, highly
successhul postdocioral and predodoral iraining programs,
and a major scienfific meeling center, featuring courses and
conferences cenlered on mouse models.

For more information go to: www.jax.org

Applicants shoud send a cumriculum vilae and a concise
dakement of research inlerests and plans, and arange kb
have three letters of reference senl to: facullyjobs@jax.org
The Jackson Laboratory is an ECE/AA employer.

The Jackson Laboraiory, 400 Main Srest, Bar Harbor, ME 04509

www.jax.org




her publications have time to accrue citations, one of the criteria for
obtaining a green card via the “outstanding researcher” application
route. “You have to somehow lower the activation barrier,” says
Shulman.

Learning the Talk...

When Xinyan Huang left China to pursue graduate studies at the
University of Toledo, Ohio, spoken language was a major obstacle.
Although she practiced long hours to prepare for her graduate school
interview and was able to introduce herself to her committee, she
did not understand many of the questions they asked,

Like Huang, most foreign scientists in the United States come
from China and, for most of them, language is often an issue. So
much so that Jim Samet and Chinese-speaking colleagues at the
U.S. Environmental Protection Agency decided to write a guide,
The llustrated Chinese-English Guide for Biomedical Scientists,
to “help build confidence in the use of scientific English," says
John Inglis, director of Cold Spring Harbor Press, publisher of the
book. The guide provides lists of terms that are common in science
laboratories translated in both simplified and complex English. The
accompanying “talking” website (http://chinese-english.cshl.org)
gives the correct pronunciation of these terms.

Language problems can of course be overcome with time and
practice. Huang, who has been a postdoctoral fellow in Richard
MNeubig's lab at the University of Michigan since 2002, says she no
longer finds it difficult to be understood, but writing grants and
manuscripts is still a challenge. Having completed nearly five years
of postdoctoral training, Huang has thought of moving back to
China. “Recently a colleague returned [to China] and obtained a good
startup position. If | went back | would have a good opportunity,”
says Huang. “But my passion for science and doing cutlting-edge
work keeps me here.,” Huang is oplimistic that she will be able to
obtain a position as an independent investigator in the United
States, although she is not quite ready to take the plunge. “At least
for now, my plan is to publish more papers, gel a career transitional
award, and look for a Faculty position soon,” she says.

...And Walking the Walk

Sealtle-based author Kathy Barker, whose books At the Bench and
Al the Helm provide practical advice for working in and running a
scientific lab, often receives questions from foreign-language
scientists. “A lot of the things that | write about in At the Bench that
are pretty common sense to U.S. scientists are not common sense
to [foreign-born ones] For example they don't know that they can
talk to their department chair or that they can call the grant officer
at NIH,” says Barker. “The non-English speakers especially have
trouble understanding the institutional goings-on.”

Many foreign scientists seek out suppaort groups of other foreign-
barn scientists who can helpthem navigate the system.” | know about
40 Chinese colleagues in the U.5. and we call each other to exchange
information,” says Huang. “The challenge foreign scientists have is
to find a support network. But nowadays, thanks to the Internet, a

» Visit www.sciencecareers.org and plan to attend upcoming
meetings and job fairs that will help further your career.

www.sclencecareers.org

ONCARFER

Faculty Positions

“My passion for science and doing
cutting-edge work keeps me here,”
says Xinyan Huang.

lot of connections are done before they even get in the country,” says
Calendario Zapalta, director for the Division of International Services
at NIH. Although his office’s primary role is to provide foreign
scientists employed at the National Institutes of Health in Bethesda,
Maryland, help with their immigration papers, it provides other types
of information, from filing income taxes to finding local child care.

The MNational Postdoctoral Association (NPA)  (hitp://www.
nationalpostdoc.org) has put together a guide to help newcomers.
“The impetus for the project was a workshop at one of the NPA's
annual meetings where postdocs brought up many common and
practical questions,” says Gamberi, who is now a stafl scientist at
McGill University in Montreal, Canada., One of the main resources
in the guide is information about different types of visas. Obtaining
permanent residence in the United States requires a lengthy process.
Thus, most foreign scientists coming to the United States initially
apply for temporary visas. Once they are in the country, they can
often apply for a more permanent status. The most commaon types
of visas sought by scientists are: F-1, usually for undergraduate and
graduate students at universities; H1-B, for temporary workers in
specialty occupations; and J-1, for exchange visitors. Although most
institutions provide help with obtaining a visa, they don't always
point out the advantages of one visa type over the other. “One can
be more restricted than the other depending on your career path,”
explains Gamberi.

Foreign scientists not only have to learn how to navigate the U.S.
system to advance in their careers, but also adjust to all the practical
aspects of daily life in the United States. “Benefits have to be
discussed in the LS. In Europe you just have them,"” says Gamberi.
Other things that a foreigner has to learn are how to obtain a credit
card and to build up a credit history. Indeed the biggest challenges for
Lazebnik were things like obtaining a checkbook. “I had never seen
a checkbook before coming to America. In Russia we just used cash
at that time," he recalls. His supervisor assigned another postdoc in
the lab with the task of taking Lazebnik to look for apartments, find
a bank, and just explain how things worked. That was a huge help to
Lazebnik, and he still remains grateful to the former labmate, Alastair
MacKay, and within a month he was more or less settled,

For years the United States has attracted the best scientists from
around the world. While many return to their countries of origin to
share their acquired experience and knowledge, some have made
the United States their permanent home despite the challenges
facing them and have built successful careers, Continuing to lure
top international scientists to the United States will benefit research
both locally and worldwide, to the overall benefit of the global
scientific endeavor.

Laura Bonetta is a scientist turned freelance writer based in the
Washington, D.C. area. She has a green card.
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POSITIONS OPEN
MICROBIOLOGIST
University of North Texas, Denton, Texas

The Department of Biological Sciences (websine:
http: /S www. biolunt.edu) invites applications for
a tenure-track ASSISTANT /ASSOCIATE PRO-
FESSOR in microbiclogy beginning September
2007. Suecesstul candidares will be expected ro con-
tribute to a strong rescarch program and participate
in nstruction at the wndergraduate and graduate
levels. Candidates able to apply modem genomic
methods to rescarch on the physiology and diversity
of microorganisms are strongly encouraged to apply,
but candidates with expertise in other ancas will also
be serionsly considered, Excellent opportunitics 1o
interact with rescarch faculty in the arcas of bio-
chemistry, microbiology, biotechnology, plant, and
environmental sciences exist.,

University of North Texas is a growing University
of over 33,000 students locared in the Dallas-Fort
Worth mertroplex. Degree programs are offered in
biology, biochemistry, molecular biology, and env-
ronmental sciences at both the undergraduate and
graduvate (M5 /Ph.D.) levels. Excellent research
facilitics, competitive salary, and generous startup
funds are available. Submit curmiculum virae, names
of three references, reprints, and statement of re-
search goals to: Dr. Daniel Kunz, Search Commit-
tee Chair, Department of Biological Sciences,
P. O. Box 305220, University of North Texas,
Denton, TX 76203-5220. Review of applications
will begin February 16, 2007, and will remain open
untl filled.

T f'rlrn'r_-rl]' ._1_|" North Texas & an H._rrr.lr t}_ﬁﬂqunmlrr
Affinnative Adion nsirution conymited g diersty i it e
playmernt and eduwcationa] programs, therely aamting o uvlanmmyg
envionmen fr evryone,

ASSISTANT or ASSOCIATE PROFESSOR
Department of Cell Biology and Anatomy
Louisiana State University
Health Sciences Center, New Orleans

The Department of Cell Biology and Anatomy
(website: hoop:/ Swww.medschool.dsuhsc.edu/
cell_biology /) invites applications for a tenure-track
faculty position ar the Assistant or Associate Profes-
sor level. We are secking individuals with research
interests in any aspect of developmental biology, in-
cluding developmental neuroscience. Applicants
should have an independent, well-funded rescarch
program and be willing to participare in teaching
medical and graduate student courses. To apply,
please send curriculum vitae, statement of rescarch
interests, and the names of three references o
Melissa Hebert, Department of Cell Biology and
Anatomy, Louisiana State University Health
Sciences Center, 1901 Perdido Street Box Pa-2,
Mew Orleans, LA 70L12-1393. Lonisiana Stare
LUniversity Health Seiences Center i5 an Lgual Opportumity /
Affimnative Action Emplayer.

The Department of Veterinary Phvsiology and Phar-
macology, College of Vetenmary Mediane and  Bio-
medical Sdences, Texas A&M University, announces
the availability of a TENURE-TRACK FACULTY
position {open rank) in the area of cardiovascular/
endocrine rescarch, a growing focus in our Depart-
ment. A strong rescarch program and evidence of a
commitment to ¢xcellence in teaching are required,
Departmental faculty and their interests can be
idennficd ar website: hoops/ Swww.covm.tamuedu /
vipp. Evaluation of applhications will begin March 1,
2007, and continue until the postion is filled. Can-
didates should send curmculum vitae, letter of appli-
cation, and names and addresses of three references ro;

Dr. Timothy A. Cudd,

Department of Veterinary Physiology and
Pharmacology, Texas ASM University
College Station, TX 77843-4466
Telephone: 979-862-1972
Fax: 979-845-6544, e-muail: toud d@ovm.tamu.edu

Texas AGM University s an Egral Chpysortennity Einployer/
Ednator,
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POSITIONS OPEN

The University of Alabama at Birmingham sccks
applications for up to two full-ime ASSISTANT
PROFESSOR positions in the Department of
Anesthesiology. These are tenure-carning track posi-
nons and intended 1o attract highly qualified can-
didates, with a demonstrated crack record in lung
clecrrophysiology, willing o funaion as indepen-
dent investigators, while at the same time, col-
laborate with other faculty members in a number
of collaborative projects, The successful candidares
must have considerable expertise with cell and
molecular aspeats of 1on transport, mcluding whole
and single channel currents recordings from oocytes
and mammalian cells, as shown by first {or serior)
author publications in high impact peer-reviewed
journal. Candidates must have current extramural
funding from a national agency and show our-
standing potennal for obraining NIH Research
Project Grant funding. Ouistanding teaching cre-
dentials are highly desirable. Prospective candidares
should hold a Ph.D. andfor MLD. degree. Please
send curniculum vitae to: Sadis Matalon, Ph.D.,
Alice McMeal Professor of Anesthesiology, Profes-
sor of Physiology and Biophysics, Microbiology
and Environmental Health Sciences, Department
of Anesthesiology, The University of Alabama at
Birmingham, Biomedical Research Building I1 -
Room 224, 901 19th Swreet South, Birmingham,
AL 35294-2180, fax: 205-934-7476, e-mail:
sadis@uab.edu. The Univerany of Alahans ar Birmring-
Dram is am Egnal Opportenity, Affimnative Action Employer
with a stwong aonuwiment to et and oltural - diversity
amony its fanlty, students, and administrative staff. Applics-
tions from uonten ded etfunic pinenties are emonraged.

BIOCHEMISTRY, TENURE-TRACK FAC-
ULTY POSITION, Department of Chemistry and
Molecular Biology, North Dakota State University
{NDSUY) has a tenure-track faculty position available
August 2007,

Ih.13. in biochemistry, chemistry, or molecular biol-
ogy required. Postdocroral expenicnce preferred. Ap-
plicants having research interests in the arcas of
forensic DNA and molecular biology which are re-
lated to Narional Insttute of Justice-targered fund-
ing prioritics will be given preference. The successtul
candidate will be encouraged to work dosely with
the staff of the newly created NDSU Forensic DNA
Facility, Teaching dutics may mclude introductory
biochemistry courses ar the undergraduate or grad-
vate levels and a graduare course related o specialty
arca, Must have the potential to develop an external-
Iy funded, competinve rescarch program and com-
mitment to teaching and service. The position is
open at the rank of ASSISTANT or ASSOCIATE
PROFESSOR. Screcning will begin March 1, 2007,
For further intormation and application requirements
see websiter http: /S wawwondsu.edu /mdsu fjobs/
non_broadbanded /positions /000252 32.shtml.
Contact person: D, 8. Derek Killilea, Department of
Chemistry and Molecular Biology, North Dakota
State University, Fargn, ND 58105. Tdephone:
701-231-7946, fax: TO1-231-8324,

NDSLT a5 an I;}pr.rf l'Jpp:l.lrrlllrJ]' Inswtiton

NATIONAL UNIVERSITY OF SINGAPORE
Department of Chemical and
Biomolecular Engineering

The Department of Chemical and Biomaolecular
Engincering at National University of Singapore
invites applications for TENURE-TRACK FACULTY
positions at all levels. The Department is one of the
largest internationally with excellent in-house infra-
structure for cxpenimental and computatonal re-
search. A I'h.IY. in chemical engincenng or related
arcas and a strong rescarch record with excellent
publications are required. Mlease refer o website:
http:/ Swww.chbenus.edusg/ tor more informa-
ton on the arcas of interest and for application
details. Applicants should send full curriculum vitae
{including, key publicanons), a detailed rescarch
plan, a statement of teaching interest, and a list of
names of at least three references to: Professor Raj
Rajagopalan, Head of Department (Attention:
Ms, Nancy Chia, e-mail: nancychia®@nus.edu.sg).

POSITIONS OPEN

BIOLOGY EDUCATOR
ASSISTANT PROFESSOR

The Biological Sdaences Department ar California
State Polvtechnic University, Pomona, invites appli-
cations for a tenure-track position in biclogal
education at the rank of Assistant Professor to begin
September 2007, The new faculty member will reach
classes in science/content methods leading, to the
teaching credential, develop specialty courses and
workshops for science teachers, and will be expected
to establish and mamntain an extemally funded re-
scarch program in scicnce education involving
undergraduate and Master's level smudents. The
successful candidate will also be expected to assist
in curnculum development, advise students, serve on
Department, College, and University committees,
and engage in professional activities. Ph. D. required
from an aceredited institution by Auguse 2007, a
combination of graduate degree and for work expe-
ricnee in both biology and sacnce education, and
possess or be quabficd to obtam a California teach-
ing credential in a single subject arca. Application
review will begin March 1, 2007, and will continue
until position is filled.

Address all nominations, inquirics, and requests to:
Dr. Gil Brum and Tina Hartney
Co-Chairs, Biology Educator Search Committee
Biological Sciences Department
California State Polytechnic University, Pomona
3801 West Temple Avenue
Momona, CA 91768
Telephone: 909-869-4036, fax: Y09-869-4078
E-mail: gdbrum@cupomona.edu

FACULTY POSITIONS IN
PHARMACEUTICS AND DRUG DELIVERY
Department of Pharmaceutical and
Biomedical Sciences
College of Pharmacy, University of Georgia

The Department of Pharmaceutical and Biomed-
ical Sciences at the University of Georgia, Athens,
mwites apphications for a tenore-track ASSISTANT
PROFESSOR position in the gencral arca of drug
delivery and drug transport. Applicants should pos-
sess a Phe DD, or Pharm. D/ Th. D, or equivalent degree
with pharmaceutical sciences or a related area as the
focus of their graduate education and research train-
ing. Excellent communication skills and the ability o
reach basic pharmaceurics and drug delivery concepts
at both the Pharm.D. and Ph.D. levels are required.
Each successful applicant is expected 1o develop a
dynamic, extramurally funded research program in
the area identificd above, To be assured of full
consideration, applications should be received by
March 1, 2007, Interesred qualified applicants should
submit a letter of application, curriculum vitae, a re-
scarch plan, and three confidential letters of recom-
mendation to: Chair, Pharmaceutics Search
Committee, Department of Pharmaceutical and
Biomedical Sciences, B.C. Wilkon Pharmacy Build-
ing, University of Georgia, Athens, GA 30602-
2352, Applicants may also apply online to e-mail:
phsm::l.rdlﬂri.ug:l.cdu. The University L_I_I"fu'nrﬁ'r'.l iF irn
!:'.Fu.r! f:'lnIJwFﬂran 'f)]-5|Iu.r]'rlrlrrr.-'.'!_ﬁfrm.il'llr Aaan Em;lh,rr.
Applications fromn guedified oo and wionty cdidares ae
rrl:wm:_@'-f

Virginia Tech is rearuiting the FOUNDING
DIBRECTOR for the Insttute of Biomedical and
Public Health Sdences (IBPHS ), website: hop: //
www.ibphsvt.edu, IBPHS is 2 major ininanve ar
Virginia Tech o enhance rescarch and training in
the life sciences. The suceessful candidare will have a
vision to use interdisciplinary biomedical and pub-
lic health rescarch vo address significant socieral
necds and to compete for major federal and privare
funding; will maintain a productive, intematonally
recognized rescarch program; and will be a spokes-
person for the Institute within the University and
with extermal constituents. For detalled informa-
tion and instructions on how to apply sce website:
http:/ Swww.jobs.viedu and scarch for posting
61454, Egual Opportrinity / Affsmsrative Action,
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UNIVERSITY OF KENTUCKY
College of Medicine
Faculty Position

The University of Kentucky s Sanders-Brown
Center on Aging 15 secking a neuroepidemi-
ologist, neurapsychologist, neurslogist, or
psychiatrist with an interest in research in
Alzheimer's disease. This individual would be
expected to function in the Clinical Core of the
MIH-funded UK Alzheimer’s Disease Center
and establish a research program utilizing the
Clinical, Neuropathology, and Biostatistical and
Data Management Cores facilities and data. The
candidate will join a large team of clinical and
basic science investigators studying Alzheimer’s
disease, This is a tenure track faculty position at
the Assistant or Associate Professor level, Pref-
erence will be given to individuals with research
experience and accomplishments. Faculty rank
will be commensurate with experience and
qualifications. Mimimal teaching and service
obligations are required,

Applicants should send a letter of interest, CV,
and names of three references to: William R,
Markesbery, M.D., Sanders-Brown Center
on Aging, University of Kentucky, Lexington,
KY 40536-0230.

The University of Kentucky is an Equal
Emploviment OpportuninyAffirmative Action
Tnstitiation. If offered this position, vou will
e reguired to pass a pre-emplayiment drig
screen and wnderga a national background
check as required by University of Kentucky
Frman Resaurces.

VCU

Virginia Commonwealth University

T L 5 3 & (2 &
IENURE-TRACK FACULTY POSITIONS
Chemical and Life Science Engineering
The Department of Chemical and Life Science Engincering (CLSE) in the School of Engineering
at Virginia Commonwealth University (VCU) has two tenune-track faculty openings starting in the

Fall of 2007, One position is al the Associate level, and the other is at the Assistant level.
Chemical and Life Science Engineering ot VCU nepresents the broad, formal interaction of the
disciplings of chemical engmeenng with life and health sciences o create a forward-looking,
nationally distinet program. Many of the Life Science areas at VCU enjoy national rankings,
including those in the medical sciences, biological sciences and environmental life sciences, The
new School of Engineering formed in 1996 has embarked on a 25 in 25" initiative 1o become a@ top
25 program in 25 years. Notable facilities mclude the new 120,000 sq [1 School of Engineering
bunlding, the pew Trani Center for Life Sciences, the Rice Institite for Environmental Life Sciences
located along the coastal plain region of the James River, and VOU™s Medical School and Hospitals.,
Current research areas in CLSE include stem cell and siem-cell derived tissve engineening, cellular
engineering and signal pathway analvsis, biological systems engineering, biomformatics and
biocomputmg, genetic and prolein molecular engineerng, small molecule and cellular based
therapeutics, reaction engineering and molecular ransport, advanced polymeric materals and
processing methods. A new research Institute for Health and Life Science Engineering and a new
Phase 11 Engineering building expansion will be open in 2007-2008 that will greatly expand and
enhance research and education capabilities in the life science engineering argas,

Candidotes must have camed a PhD, and ot least one degree in Chenmucal Engmcenng or
Bioengineering or closely related discipline.

Outstanding candidates should submit a complete curriculum vitae, statement of research and
teaching interests, and a list of four references to: Dr. Michael H. Peters, Chair, Chemical

and Life Science Engincering, Virginia Commonwealth University, 601 West Main S1..
Room 4034, PO, Box 843028, Richmond, YA 23284-3028.
Electronic submissions are acceptable by *.pdf files only please o jhschrei @ vewedw, Candidates
must be eligible for emplovment in the United States by mdicating their citizenship or visa status,
Review of applications will continue until the positions are flled.
Virginia Commomvealth University i an Egral Oppaortunity, Affirmative Action Emplover,
Wernen, minorities and persens with disabilities are encowraged o apply,,

Mathematics and Computational
Biology Position at Vanderbilt
University Medical Center

VvV

Senior Scientific Data Analyst: The position
requires an advanced degree with a minimum
of 36 months experience in data analysis, math-
ematics or statistics. Applicant should have
experience in statistical analysis of complex data
sels, sample size calculabions, and clustering.
Experience in developing compuler programs
for analysis of large data scts and milommancs
are advantapes. You must be well erpanised, effi-
cient. and able to design scientific experiments.
The successiul applicant will work as part of
an interdisciplinary group on analysis of mass
spectrometry based lipid profiling of celular sig-
naling and metabolic pathways. Some experience
in mathematical modeling 15 desirable.

Position title, salary, and specific responsi-
bilitics can be adapted 1o degree and previous
experience. The position can be classified as
a Research Assistant Professor or Senior Stafl
Scientist position for someone with a Ph.D. and
extensive publications, or a Research Specialist
foran M5,
Interested applicants should send CV, contact
information for three references to:
H. Alex Brown
Ingram Professor of Cancer Rescarch
Department of Pharmacology: 442 RRB
Vanderbilt University School of Medicine
Lird Ave South & Picrce
MNashville, TN 37232-6600
alex.brownie vanderbilt.eduo

| Health Sciences Center

NEW DRLEANS

Professor and Head

Department of Pharmacology

Louisiana State University Health Sciences Center, School of Medicine, New Orleans
The Louisiana State University Health Sciences Center School of Medicine in New Orleans invites
applications and nominations for Professor and Head of the Department of Pharmacology. The School
15 renewing a period of extraordinary expansion with unprecedented investments by the state of
Louisiana in the further development of biomedical sciences in collaborations between the School of
Medicine and internal and external agencies. The position presents the opportunily o create a new
level of interdisciplinary research and collaboration in a department with complementary and diverse
arcas of expertise that include cardiovascular, CNS, respiratory and gastrointestinal pharmacology,
drug metabolism, and cellular and molecular signaling. The Department currently lists 24 full time
faculty, 5 faculty with adjunct appointments, and 17 students in Ph.D. or M.DUPhD, programs, Many
of the full-time faculty members hold joint appointments in the Cancer Center, Meuroscience Center
of Excellence, Cardiovascular Center, Alcohol Research Center and Center for Oral and Craniofacial
Biology. The Department participates in Inerdisciplinary and Departmental grad uate programs leading
to a doctorate in Pharmacelogy. The Department also currently holds an NIH COBRE grant, “Men-
toring in Cardiovascular Biology,” to train junior faculty. The successful candidate will have a Ph.D.
and/or M.D. degree, demonstrable leadership ability, a well-funded and internationally recognized
research program, a proven commitment to education and research, and the ability to provide vision
for the Department that builds on its historic strengths. Achievements in teaching, mult-disciplin-
ary collaborative research. mentorship, and administration that promode an inclusive environment
are essential, Additional information regarding the Department and Health Sciences Center can be
obtained at hitp:/www.med school.lsuhse.ed w/pharmacology/.

Candidates should provide a corrscrfum vitee including a full list of publications, past and current
research support. and a brief statement of educational, research, service, and administrative interests.
These materials should be forwarded electronically to: Dr. Arthur L. Haas, Chair, Pharmacaology
Search Committee, LSUHSC School of Medicine, Department of Biochemistry, 1901 Perdido
Street, New Orleans, LA T0112; PharmacologySearchia Isuhsc.edu. Review of applications will
commence 1 March 2007 and will continue until the position is filled.

LEUHSC is an Equal Opporteitv/A flirmative Action Emglayer;
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The University of California, Davis, invites applications for an Assistant
Professor position, This position will be housed in the Department of Plant
Sciences with the possibility of a joint appointment in the Department of Viti-
culture and Enology, if appropriate. A demonstrated capacity to conduct high
quality research and ability (o teach undergraduate and graduate students are
requirements. The successful candidate’s rescarch will focus on understand-
ing the biochemical pathways leading to the production and accumulation in
plants and plant products of various compounds important for human health
(phytonutrients) and using this information to enable fundamental human
nutritional insights and to direct crop improvement. The range of potentially
important phytonutnents for human health is quite broad and includes: polysac-
chanides; isoprenoids and their derivatives including carotenoids, vitamin E,
and sesquiterpenes: phenylpropanoids including favonoids, isoflavanoids and
other palyphenolics; and various bio-active alkaloids and peptides.

This position 15 an integral pant of the UC Davis campus-wide imtiative on
Foods for Health and the successiul candidate will be expecied to operate well
in a multi-disciplinary team focused on the development of a comprehensive
program that covers the entire continuum of food production, consumption and
individualized health. A Ph.D. and postdoctoral research experience in plant
biochemustry or a refated field is required and specific expenience in studving
the biosynthesis and'or human nutritional impact of phytonutrients is desirable.
The position will be at the Assistant Professor level, and will be an academic
year (9 month ) tenure track position: a fiscal-year term appointiment (1 1 months)
will be offered and continued based on acadenic personnel review.

Please refer 1o hitp:/plantsciences. recruitments.ucdavis.edu for position
details and online application process. Please include statements of rescarch
and teaching interests, curriculum vitse, publhication list, copies of 3 of your
most important research publications, copies of undergraduate and graduate
transcripts (i within 5 years of either degree), and the names, e-mail addresses,
and selephone numbers of at least five professional references. For technical
or administrative questions regarding the application process please email
plantsciences@ uedavis.edu. For inguines regarding the posibon please contact
Dr. Alan Bennett, Chair of the secarch committee (abbennettia ucdavis.edu ).
Review of the applications will begin March 31, 2007, The position will
remain open until filled.

The Universioy of California is an Affirnative Action!
Equal Qpportumity Emplover,

UMIVERSITY J OF
Neb]aSlQ, Department of Genetics,

Medical Center Cell Biology and Anatomy

DEVELOPMENTAL GENETICS / BIOLOGY
REGENERATIVE MEDICINE
CANCER GENETICS / BIOLOGY

Applications are invited from established investigators {(any academic
rank ) or multi-investigator teams working in one or more of the areas
indicated above. The individuals recruited to these tenure eligible posi-
troms will be expected w maimtaim an ndependent, extramurally funded,
research program. contribute to one or more collaborative research
programs within our medical center and participate in the educational
programs of the University. Research areas of interest include, but
are nol imited o, development and/or cancer of the hematopoiehc
svstem, breast, lung, liver, kidney, GI tract and retina, Outstanding
start-up resourges. laboratory facilities and shared laboratory resources
are available. Omaha. the nation’s 42™ largest city, offers an outstand-
ing school system, moderate cost of living, and numerous cultural and
recreational acivitics.

Applicants witha Ph.D., M.D., or other doctoral degree and aclear record
ofrescarch accomplishments ane invited to submit their curniculum vitae,
a concise summary of their ongoing/futune research and the names of
three or more qualified references to: D, James Shull, Chairman,
Department of Geneties, Cell Biology and Anatomy, University
of Nebraska Medieal Center, 985805 Nebraska Medieal Center,
Omaha, NE 68198-5805. Review of applications will begin March
15, 2007 and will continue until the positions are filled.

The University of Nebraska is an Equal OpportuningAffirmative
Actionr Emplover: fndividualy of cultirally diverse hackgrounds and
wemen are encewraged fo appdy,

http:/wwwaunmecdu/genctics

Sigfried and Janet Weis Center for Research
Geisinger Clinic
SCIENTIST FACULTY

The Weis Center for Rescarch is seeking owstanding independent sci-
entists for full tme positions at ranks equivalent o Assistant, Associ-
ate or Full Professor at academic institutions. Candidates should have
proven records of accomplishment in conducting innovative research
at the molecular, cellular or genetic level m arcas relevant w human
disease. Applicants should have a PhD. and/or M.D, degree and three
or more years of postdoctoral training. Candidates for senior positions
are expected to have a significant history of extramural funding. The
Weis Center is located on the campus of the Geisinger Medieal Center,
which is situated in an attractive semi-rural community that affords an
outstanding quality of life plus convenient access Lo major metropolitan
areas, Substantial resources are available for start-up, ongoimg research
suppor and salary. More information about the research, core facili-
ties, and faculty at the Weis Center for Research can be found at http:
Hwww.geisingerorg/professionals/rescarchiwer.

Qualificd individuals should submit curriculum vitae, statement of
research interests and three reference leners w: Ms. Kristin Gaul
{DJC), Weis Center for Rescarch, Geisinger Clinie, 100 North
Academy Avenue, Danville, PA 1T822-2600; or submit via email (o
kgauliw geisingeredu. Please refer (o position WCR-010228 in the
subject lime. Applications will be accepted untl the position s Alled.

Affirmative Action'Equal Opporiunity Emplover
Geisinger
Health System

Heal. Teach, DMscover. Serve,
www.erisingerorg

Professor and
Chair Department
of Physiology

New York Medical College. located in Valhalla, New York
is seeking a nationally recognized academic leader to Chair
the Department of Physiology. The candidate should have a
Ph.D. or M.D. and be an internationally recognized scientist
with an outstanding funded research program and a
distinguished academic record. The candidate should have a
record of strong academic leadership in the areas ol
undergraduate medical education and basic science graduate
programs: and have demonstrated ability to enhance
research programs and foster a scholarly environment,
Internal candidates will also be considered.

Please send lenters of application and curricwlum vitae or
nominations preferably electronically, by March 15 to:

leresa longhitano@nyme.eda or

Search Committee For Chair of Physiology
clo Office of the Provost & Dean

New York Medical College
Administration Building Room 109
Valhalla, NY 10595

Tel (914) 5394-4900 = Fax (914) 594-4145
Equal Opporiunity Emplover
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Faculty Position

ENEONTOMN ALBEATA CANADA

s Assistant Professor, Pediatric Surgery

Cancer Pharmacology

The Division of Oncology Rescarch and
the Department of Molecular Pharmacol-
ogy and Experimental Therapeutics of the
Mavo Climie College of Medicine seck an
outstanding research investigator in the
area of cancer pharmacology. Research
within the Division is haghlighted at hip:
Heancercenter.mayo.cdu/mayvo/rescarch!
developmental_therapeutics!,

Applications for either an Assistant Professor
or more semor level appointment are wel-
comed. Investigators with expertise in the
arcas of proliferative signaling, cell cvele
checkpounts, DNA repair, cancer pharma-
cogenomics and/or rational drug design are
particularly encouraged to apply.

Acumiculum vitae, selected publications, and
a statement of rescarch interests, should be
submitied by March 31, 2007 (o

e Strauss (strauss.debram mavo.edu)

The Division of Pediatric Surgery,
Department of Surgery, Faculty of
Medicine and Dentistry at the University of  Medical Research or other granting
Alberta, Canada, invites applications for a
contingent faculty position. We primarily
seek candidates at the Assistant Professor  collaboration with a multidisciplinary
level, but exceptional candidates at amore  research group at the University of Alberta.
senior level will be considered. We seak
an individual who will complement and
extend our existing strengths in cell
signaling/cell cycle, protein targeting,
organelle biogenesis, cell-cell interaction,
neurchiology and RNA localization. We are  sent on your behalf to:
particularly interested in individuals who
investigate questions of musculoskeletal
growth and development particularty with
respect to the spine, although applicants in
sl somn o modern call Bickeoy reiated - e A, Ganads, TOG2ET
growth and development will be
considered. Applicants should have a PhD,
or to: a proven record of research achievement

and will be expected to apply for funding
from the Alberta Heritage Foundation for

agencies. The successful candidate will
conduct a research program in

A contribution to the Department’s teaching
program will also be expected.

Please send a curriculum vitae, a two-
page statement of research interests, and
arrange to have three letters of reference

Dr. Douglas Hedden
Chair, Department of Surgery
University of Alberta

Consideration of applications will begin
on April 30, 2007 and will continue until the
position is filled.

Scott Kaufmann, M., Ph.ld,
Search Committee Chair
Guggenheim 1301
Mayo Clinic
Rochester, MIN 55905

Al gualified candidates are encouraged to apply; howaver, Canadians and permanant residents will be
given priomty. If suitable Canadian citizens and parmanent residents cannol be found, other individusats will
be considared. The University of Alberta hines on the basis of meril. We are commitied to the principle of
aquity in amployrment. We walcomea diversity and encourage applications frem all qualified women and
men, inchuding perscns with disabiliies, members of visible minodties, and Aboniginal persons.,

MASSACHUSETTS GENERAL HOSPITAL
HARVARD STEM CELL INSTITUTE

The Center for Regenerative Medicine (CRM) at Massachu-
setts General Hospital invites applications for a tenure-track

assistant professor position. Outstanding scientists in the ficld off

stem cell biology who have the demonstrated abiliny w develop
a strong independent research program will be considered. Suc-
cessful candidateds) will be members of the Harvard Stem
Cell Institute and faculty of Harvard University. Candidaes
must hold a PhD and/or MD and have a hisiory of innovative,
interactive rescarch, Women and minority candidates are urged
to apply.

Applicants should send an electronic copy of (1) letter of interest
{ 2} research plan and (3) current curriculum vitae 1o D, David
Seadden ¢f/o Chris Shambaugh: cpasker(a pariners.org,
Three letters of recommendation should also be sent direetly
10
Center for Regenerative Medicine Search Committee
Attention: Chris Shambaugh
Massachusetts General Hospital
185 Cambridge St.
CPEN 4265A
Boston, MA 02114

MGH is an Egual Oppovinnine/Affirmative Action Emplaver

Faculty Positions
Department of Pharmacology
The University ol Michigan

The Department of Pharmacology is seeking applications for tenure-track positions
at the ASSISTANT, ASSOCIATE or PROFESSOR level. We are seeking
outstanding mdividuals with research experience amd mierests that sugment cument
department imitiatives i Drug Metabolism, Pharmacogenetics, Clinical Pharna-
colegy, and Signal Transdiction, Newrophermgeolog v Betavioral Pharmacology.
Qualifications inclode a Ph.D. m Phaormscology or a related discipline and/or M.D.
degree, 3-5 years of postdoctoral expenence, and research accomplishments o
evidenced by scholady contributions to the lierature.

For the Drug Metabolism position, applicents with ousiznding backgrounds in
Phase VPhase 11 drog metabolism are encoumged.  For the Pharmacopenetics
position, consideration will be given 1 applicants with experience in the
wentfication end characterization of polymorphic genes encoding  xenobiotic
metabolizing enrymes/ransporters or involved o their regulmtion in snimals or
humans. Chinical Pharmacology candidates with experence in doug metabolism
andior pharmucopenetics are welcome.  Signal rrensduction aml aeurophama-
cology/behavioral pharmacology candidates studying molecular W whole animal
aspects of pharmacologvidneg design are encowraged to apply.

Successful candidates will be expeceed to establish an externally funded research
program and o participate in teaching medical stwdents and other health
professionals, as well as graduate and posidocioral students, An aliractive startup
package including excellent lebomtory facilines and generous stariup funds will be
available,

Information about current faculty interests is available at http:fsitemaker umich.
edu/pharmacology Taculty_lsting.

Applicants should send their curniculum vitse, a two- to fowrpage semmary of
their research program and fuere research plans, and information relaed 1o past
and current teaching experience. Three letters of recommendation should also be
senl. Address all correspondence to: Dr. John Trayeor, Chair, Pharmacology
Search Committes, Department of Pharmacobsgy, The University of Michigan
Medical Schaool, 1150 West Medical Center Dr., Ann Arbor, M1 481 09-0632,
The University of Micligan is an Affirmative Action'Egual Opportunity Emplover,
Applications from qualified women, minorities andior disabled ndividuals are
encouraged.

ScienceCareers.org
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URBAN ENVIRONMENT
FACULTY POSITION

YALE UNIVERSITY
School of Forestry & Environmental Studies

Yale University's School of Forestry and Environmental Stdies (FES)
secks 1o fill a junior- or senmior-level faculty position focused on the
urban environment. We seek an individual who takes a quantitative
svstems approach to urban areas, particularly with a spatial geographi-
cal focus. We are particularly interested in an individual concemed with
the interface between manmade and environmental systems, Research
topics of interest include, but are not limited to, urban land use and
land cover; urban modeling. and urban dcwlupmcnl as they relate w
the environment. Interest and expenence in imtemational urPnLll svslems
is desirable. The successful candidate will have an camed doctorate
and an active research program that complements those of existing
faculty in FES. She or he will demonstrate capacity for excellence in
teaching at the graduate level, and will advise Master’s and Doctoral
students, Teaching might include courses that address the environmen-
tal aspects of whan land use planming, GIS modeling, tansponation
analysis and planming. and imernational urban development. We prefer
a candidate with formal raming in a relevant discipline such as geog-
raphy, urban studies. or allied fields. Understanding of key underlying
environmental sciences such as ccology or Earth science 15 desimble,
Applicams should send a c.v., a statement of research and teaching inter-
¢als, two reprints o other professional publications, and a List of thiee
references e Assistant Dean Jane Coppock, Urban Environment
Search Committee, School of Forestry and Environmental Studies,
Yale University, 205 Prospect St., New Haven, CT 06511, USA. The
deadline for applications is March 2, 2007.

Yale University is an Affermative Action/Egqual Opporitunity Emplover
Men and women of diverse racial/cifmic backerounds and coltures
are encovraged to appdv. Women and minoviny candiclates, as well ax
candidhates from developing cowntries, are particwlarly wged to apply

THE UNIVERSITY OF HONG KONG

Founded in 1911, The University of Hong Kong is committed to the
highest imternational standards of excellence in ieaching and research,
and has been at the imtemational forelmont of academic scholarship for
many years, OF a number of recent indicators of the University's
performance, one 1= its ranking at 33 among the top 200 universities in
the world by the UK"s Times Higher Education Supplement. The
University has a comprehensive range of study programmes and research
disciplines, with 20,000 undergraduate and postgraduate students from
S0 countries, and a complement of 1,200 academic members of staff,
many of whom are intemationally renowned.

Temporary Assistant Professor in the Department of Botany
(Rel: RF-2006/2007-319)

Applications are invited for appointment as temporary Assistant Professor
(funded by the Croucher Foundation) in the Department of Boany, from
September 2007, on a one-year temporary basis.

Applicants should possess a Ph.D. degree with a strong background and
publication record in the field of Plant Molecular Biology and Plam
Biotechnology. The appointee is expected 1o weach courses in Introductory
Microbiology, Plant Molecular Biology and Plam Biotechnology, and to
participate in rescarch in plant molecular biology, Information about the
Department can be obtained at hitp:ffwww.hku, hk/botany,

Starting annual salary is around HEKS451 980 (approximately USS] =
HES7 8) (subject 1o review from time 1o time at the entire discretion of
the University 1. Annuzal keave and medicalidental benefits will be provided.

Further particulars and application forms (2720302 amended) can be
obtained a1 hups:fwww.hkuhkfapplunit/; or from the Appointments Unit
{Senior), Human Resource Section, Registry, The University of Hong
Kong. Hong Kong (fax: (852) 2540 6735 or 2559 2058; c-mail;

senrapptihkuce. hkuhk). Closes April 30, 2007,

The Undversiey i3 an ol opportusite eoplover aod
& commanithed o a No-Smoking Policy

CASE

CASE WESTERM RESERVE UNIVERSITY
SCHOOL OF MEDICINE

Faculty Positions
Department of Pharmacology

Applications are invited from dynamic scientists for several faculty
positions in the growing Department of Pharmacology at the Case
Westemn Reserve University School of Medicine. Faculty rank from
Instructor o Full Professor is open, dependent on current level of
achicvement,

The Department has a great tradition of excellence in molecular
pharmacology with strong, growing programs in cell regulation and
signaling, membrane structural biology, cancer cell biology, and
an evolving emphasis on translational pharmacology. The goal of
the search is to add 1w existing strengths in the Depantment and/or
the School of Medicine, The best candidates in any area relevant to
modem pharmacology will be competitive. Visit our website hutp:
fipharmacology.case.edu/,

Applicants should submit a cover letter, their full Curriculum Vitae
with publications and grant support, and a list of professional
references. In addition, all applications should include descriptions of
the applicant’s research imterests and goals, and teaching, mentonng,
and professional service experiences.

Applications should be trnsmitted by email 1o Camala Thompson,
(camimcase.cdu),

fon emplanvement, as in edvcation, Case Western Reserve University
ix comumitied o Equal Opportunite and World Class Diversine,

The UC Davis Genome Center integrales expen-
mental and computational approaches 1o address key
problems at the forefront of genomics. The Center is
housed inanew research building with state-of-the-an
computational and laboratory facihines and currently
comprises |5 experimental and computation faculty.
These faculty are developing an inlemationally recog-
nized program in genomics and computational biology at Davis, building
oi and enhancmg the umgue strengths and unmatched breadth of the life
sciences on the UC Davis campus,

The Genome Center invites applications for tenure-track faculty positions
in computational and experimental approaches to network and synthetic
biology, Candidates may be at any academic level, At the senior level, we
invite applications from prominent scientists with distinguished records
of rescarch, teaching. and leadership in analysis and manipulation of
biological networks. At the junior level, we invite applications from
candidates whose accomplishments in mnovative research and commat-
ments o leaching demonstrate thewr potential 1o develop into the future
leaders of these fields.

Candidates should be strongly motivated by the biological importance of
their research and should value the apportunity to work in close collabora-
tion with other groups. The Genome Center welcomes applications from
strong candidates in all arcas of networks and synthetic biology involv-
ing medical, animal, plant or microbial systems, Investigators employing
large-scale approaches that complement existing strengths at UC Davis
are particularly encouraged to apply.

These positions require a Ph.D, or equivalent. These appaintments may
be at the Assistant, Associate or Full Professor level in an appropriate
academic department in any of six schools, or colleges. The position will
remain open until filled. For fullest consideration, applicants should submit
a letter of application, a curriculum vitae, statements of research and weach-
ing interests, and the names of ot least five references to the Genome Center
Web sie www.genomecenter.ucdavis.edu by March 1. 2007
The Umiversity of Cafifornia is an
Afftrmarive Action/Equal Opportumity Emplover




(s b)) )

President and Director
of Research

Haskins Laboratories, a private, non-
profit research institute in New Haven,
CT, devoted 1o the science of the spoken
and written word, is scarching lor a
President and Dirvector of Research.
The successiul candidae should have a
Ph.D. i a lield related to the rescarch of
the Laboratories, experience inextramu-
rally funded rescarch, and be suitable for
aflilimed academic appoiniments.

Applicants should send a cover letter,
CW, three relevant publications, and a list
ol three potential references by March
1, 2007. Please do not send letiers of
reference until requested.

Applications should e sent to:
Presidential Search Commitiee
Haskins Laboratories
300 George Street, Suite 900
New Haven, CT 06511, USA

Hasking Laborataries ix an
Equad Opporinnity Emplover

r RGINIA
aiine HEALTH SYSTEM

Microbial Physiology, Genetics and/or Pathogenesis

Assistant-Associate Professor

The Department of Microbiology at the Umiversity of Virginia School of Medicing invites
applications for a tenured or enure-track faculty position at the rank of Assistanl or Associate
Professor. Candidates should have a PhoD. or MDD, degree. at least three years of postdoctoral
research experience and a commitment to outstanding research and graduate tmining. The
sucoessiul candidate will be expected to mauntain an energetic and well-funded basic research
program in aspects of bacterial physiology, genetics and/or pathogenesis. In addition he/she is
expected 1o actively participate in Department and Medical School weaching, The successful
candidate is expected to ke a significant role in the continuing development of outstanding basic
and clinical research on microorganisms and human disease at the University of Virginia

The Depanment of Microbiology offers state of the ant research space, numerous core facilities for
the suppont of molecular and cellular rescarch, and a collegial and imeractive faculty, Outstanding
opportunities exist for collaborative research i both basic and clinical sciences, ncluding
programs in microbial pathogenesis, cellular microbiology, infectious discases and immunology.
Interested applicants should provide a curmiculum vita, briel statement of research interests, and
arrange to have at least three letters of reference sent to:
Scarch Committee-Microhial Pathogenesis
Adtention: Lynn MceCutcheon
Department of Microhiology
University of Virginia Health System
Box 800734
Charlottesville, VA 22908
Fax: (434) 952-1071
Email: lam8t@ virginia.cdu
Web: hup:/iwww.healthsystem virgininedw/internet/microbiology/
Review of applications will commence March [ 2007, The position will remain open until
filled.

The Umiversity of Virgimia ix an Egual Opportuniod Affirmative Action Emplover,

University of Alabama at Birmingham
(UAB)
Chair, Department of Biology
School of Natural Sciences
and Mathematics

The UAB School of Natural Sciences and
Mathematics (NS&M) invites applications and
nominations for the position of Chair of the
Department of Biology. The department pres-
ently consisis of 17 full-ime faculiy members
with over M0 undergraduate majors and nearly
50 M5 and PhD students. Departmental strengihs
inclede o highly dedicated and collegial faculty
with rescarch interests primarily in the ecology,
comparative physiology, and molecular biology
of aquatic organisms bul also in aspects of cancer
biology, immunology, and microbiology. A FhD
in Biology or related ficld s required. Candidates
must possess a distinguished record of scholar-
shap, a demonstrated commutment 1o excellence
in teaching, outstanding communicalion and
interpersonal skills, and an established record
of university and professional service such as to
qualify for a tenured Professor position. Appli-
cants shoubd submit a letier of interest summiriz-
ing their qualifications, curriculum viiae, siate-
ment of vision, other supporting documentation,
and contact information for at least five refer-
ences. Screcning will begin in February 2007
and continue until a suitable candidate has been
selected, Please send applications 1o; Depari-
ment of Biology Search Committee, School of
Matural Sciences and Mathematics, 1530 3
Avenue South, CH 464, University of Alabama
al Birmingham, Birmingham, AL 35294-1170,
Women arnd minarities are strangly enconraged
fo apple. UAB is an Affirmative Action,
Egual-Cppartunity Emplover,

JOHANN HﬂlFGAHtﬁL’.ﬂE THE

UNIVERSITAT
FRANKFURT AM MAIN

Johann Wollgang Goethe University. Frankfurt am Main, Department of Biochemistry,
Chemistry and Pharmacy invites applications for a full-time

Professor (W3) in Inorganic Chemistry

starting as soon as possible. A candidate is sought whose research interests complement
the existing expertise of the Institute for Inorganic and Analytical Chemistry. At
the same time, current cooperative efforts within the depariment as well as with
the Department of Physics should be strengthened. Active participation in existing
research networks (i. e, Nanonerzwerk Hessen) as well as collaboration within the
framework of new collaborative projects, spedal research areas (5FBs) and excellence
clusters are especially important. The research area of suitable candidates should
be related to molecular materials (i.e. inorganic/organic hybrid materials, switchable
systems, sensors technology). Due to the currently available equipment, an emphasis
on surface chemistry would be advantageous.

The designated salary for this position is “W3" on the German university scale, and
facilities {start-up funding, personnel and equipment) will be-at ‘C4° level. The
successful candidate will be required 1o teach at both Bachelor's and Master's degree
level.

The advertised position is subject to the requiréments set out in paragraphs § 70
(6) and § 71 of the ‘“Hessisches Hochschulgesetz'. The successful candidate will be
required to participate in the self-government of the University. We are committed
o increasing the proportion of female scientific s1all at the University and applications
from women are especially welcome. Where qualifications are equal, preference
will be given to people with disabilities.

To apply. please send a curriculum vitae including your qualifications, accompanied
by a leter stating your research and teaching interests 1o; The Dean, Department
of Biochemistry, Chemistry and Pharmacy, Johann Wolfgang Goethe
University, Max-von-Laue-Strae 9, D-60438 Frankfurt am Main, Germany.
The application should arrive not later than March 5, 2007.
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Univirsy of Califormea
San Francisco

UCsF

A Health Sciences Campus

Assistant/Associate Professor
UCSF Institute for Regeneration Medicine

The Institute for Regeneration Medicine at the University of Califomia,
San Francisco is seeking to recruit anew faculty member whose rescarch is
focused on stem cell biology and its application. The IRM, headquartered
on the Pamassus Campus, 15 an imteractive and collaborative research
environment for research spanning basic pnnciples w bedside practice,
The Institute emphasizes neuronal, pancreatic, liver, blood, cardiac devel-
opmental and stem cell biology to complement strong basic research
and clinical programs at UCSF. Members of faculty in this program are
expected to further the understanding of stem cell biology and develop
better ways o treat and prevent discases. The successful candidate 15
expected 1o have a research plan relevant o stem cel] biology, and to be
committed to active participation in the affairs of the IRM. The appointee
will be a member of the Biomedical Sciences Graduate Program and an
appropriate academic depanment. Candidates are expected whold a Ph.D.
or M.D. degree, and o have demonstrated achievement in their field.

Applicants should submit curriculum vitae, a 1-2 page summary of
research accomplishments, 3 letters of reference, a 1-2 page perspective
on future research plans, and reprints of major publications. Review will
commence by February 1, 2007, Please submit curriculum vitae and
supportung documents o Arnold R, Kriegstein, MLD., Ph.D., Director,
UCSF Institute for Regeneration Medicine, Chair, Scarch Committee,
School of Medicine, 513 Parnassus Avenue, Campus Box #0525, San
Francisco, CA 94143-0525,

UCSFE is an Affirmative Action/Eqrual Oppaortunity Emplener,. The
Limiversity mmdertakes afftrmaiive action o asswre egeal emplovment
appariwiine for wnderatilized minoriies and women, for persons with
disabilitics, and for Vietnam-era veterans and special disabled veterans,

PROGRAM HEAD
DEPARTMENT OF MOLECULAR AND CELL BIOLOGY
THE UNIVERSITY OF TEXAS AT DALLAS
The University of Texas a1 Dallas (U'TD) and the School of Matural Sciences
and Mathematics (NSM ) invites apphications and nominations for the posi-
tion of Head of the Department of Molecular & Cell Biology. An academic
appointment at an appropriate level may be part of the position. The depan-
ment has over 900 undergraduate majors, over 70 graduate students, and
focuses on basic research and education at the doctoral and undergraduate
levels. Current areas of research include prokarvotic and cukaryotic gene
expression, cell biology, neurobiology, bionanotechnology, and structural
biology/biophysics, The department has sixteen (16) faculty members and
will undergo an extensive expansion over the next five years with a major
goal of strengthening interactions with other depanments at UTD and other
institutes such as U, T, Southwestern Medical School.
We seck an outstanding scientist with strong admimistrative and leadership
abilitics, o well- established extramurally funded research program, and a clear
vision for the future development of the department, Qualified candidates will
hold a Ph.D. or M.D. degree and have a record commensurate with that of a
tenured faculty member within the department, We welcome applicants with
research expertise in any area of conmtemporary molecular and cell biology;
candidates with strong imerdisciplinary research programs are particularly
encouraged to apply. The successful candidate will be offered an attractive
package of resources including research space in the new MNatural Sciences
and Engineering Research Laboratory, a 190,000 sq. fi., state-of-the-an facility
developed 1o foster imterdisciphnary research.
For more information, see the website: http:/'/www.utdallas.edu hiology,
Applications will be accepted until April 15, 2007, Applicants should send
curriculum vitae, a short description of research plans, a concise slatement
of leadership philosophy, and names and contact details of five refercnces
io: Academic Search #2086, The University of Texas ai Dallas, P. .
Box $30688—AD 42, Richardson, TX TS083-0688. Indication of sex and
cthmicity for aflirmative action statistical purposes 15 requested as part of the
application but not required.
LTEY is an AASED uriversite and sirongly encourages applicaiions
Srom candidates wiho would enhance the diversite of the universitv's
Sfacuity and administration,

Chair, Department of Physiology
Morehouse School of Medicine

The Morehouse School of Medicine is seeking a Chair for its Department
of Physiology. The successful candidate will be an outstanding nation-
ally recognized scientist and academician, who will be responsible for
continued development of the depanment and will guide its rescarch and
cducation missions, Candidates (Pho D, or LD wath stmtegic vision and
a strong record of research in any area of the physiological sciences will
be considered. Excellent imterpersonal skills, scientific leadership, and
commitment o mentoring junior faculty are essential. Credentials appro-
priate for the rank of Professor are required. Arcas of ongoing funded
research within the department include cancer biology and reproductivie,
gastrointestinal, and cardiovascular physiology. Additional information is
available at http://www, msm.edu/physiology/index.htm. Opportunitics
for collaboration and program development within the mstitution ane
available through the Center for Reproductive Science, Cardiovascular
Rescarch Institute, Newroscience Institute, Clinical Rescarch Center,
Cancer Biology Program, and other basic and climeal departments. The
Department of Physiology contributes to the integrated curriculum of
the medical education program and to the training of graduate studens
through the merdisciplinary Ph.D, program in Biomedical Sciences,

Interested applicants should submit a curriculum vitae and a letter of
mterest, either electronically (chartlettiemsm.edu) or by mal:

D Myrtle Thicrry-Palmer, Chair

Physiology Chair Search Committee
Room 349 Huzh Gloster Building
Morchouse School of Medicine
TI0 Westview Dirive, SW
Atlanta, GA 30310

Corespondence will be kept confidential. Review of candidates will
begin as applications are received and continue until the position is
filled.

The Morehouse School of Medicine ix an Affirmative Action/

Equal Gpportunity Emplover

CHAIR
DEPARTMENT OF
MOLECULAR GENETICS AND BIOCHEMISTRY
UNIVERSITY OF PITTSBURGH
SCHOOL OF MEDICINE

The University of Pittsburgh School of Medicine is seeking a chair for
the Department of Molecular Genetics and Biochemisiry. The depart-
ment comprises 32 pamary faculty members with a focus on basie
rescarch in Molecular Biology, Microhiology, Virology, Biochemisiry
and Developmental Biology, although candidates working within any
area of Molecular Genetics and Biochemistry are encouraged to apply.
The successful candidate must demonstrate an outstanding record of
scholarship commensurate with appointment at the rnk of Full Professor
with tenure, and as the William 5. McEllroy Professor.,

The University of Pinsburgh School of Medicine is enjoving unparalleled
growth in its research, clinical. and academic missions. OF more than
3,000 msututions nationwide, the University of Pittsburgh 1s currently
ranked Tih among educational and research institutions in NIH funding.
As chanr of Molecular Geneties and Biochemistry, the successiul candi-
date will have an owstanding opporiunity to add further to the growth
of the basic biomedical sciences in the School of Medicine.

Please send cumiculum vitae and bibliography to the MGB Chair Search
Committee at: biojobsd pitt.edo.

The Universite of Pittshurgh is an Affirmative Action, Equal
Cppartininy Emplover. Women and members of minerity groups
mnder-represented in academia are expecially enconraged to apply.




Inpiasa UsavERSITY SCHOOL OF MEDICINE

lenure-Track Facully Position
in Tmmamshiobgy

The Center for Imnmunobsology i conunction
with the Division of Rheumatology ab the
Indiona Unrverssty Schood of Medicne, 15
secking two outstanding investigators with
expertise i the immidnopathogenesis of
rheunutie diseses. Undcﬂi: direction of
David 5. Wilkes, M.I:. the Cemer for
Imimunobiology, within e Schoal of
Medicine, brings wgether basic, clinical and
rranslation  research  focused on  the
immaenological basis of disease, The Division
of Rheumatology under the direction of Rafae]
Grau, MD. is imerested in strengthening its
translational rescarch goals through close
imieraction with basic science investigatorns.
Cuididates for the cument positions must have
a doceoral degree and an  outstanding
publication record. This 15 a temure-irack
position for a Fhub, ML.D or MUDUPRDL in
the Department of  Medicine  with
il e secondary intments in
hﬁngiinm drpu'Inl'"nhiHPlrﬁlk and salary
will be commensurme with experience.
Send curmeulum vitae, 42 - 3 page statement of
rescanch mterests and future plans, and  the
names and comact information of three
wfessional refepences h'-,- c-mmeil 1o David S,
Vilkes, M.D., Dr. Calvin H., English
Professor of Medicine, Microbiology and
Inmuniogy, Director, Center for Inimumn-
oblology. Indiana University School of
Medicine, Van Nuys Medical Sciences
Building MS224, 635 Barnhill Dr.,
Indianapolis, IN 46202-5120, fax: 317-
2T8-7030,  email:  dwilkes® inpui.eduo,
hittp!ici mby. mwedicine. u.edu/
Incicena University Sehool of Medicine is
in Egual Emplovmens Opportininy
Affirmative Action Emplover MIF/D,

’ il AR
‘ﬂ,r City University
of Hong Kong

City University of Hong Kong is one of eight higher education institubons
direcily lunded by the Governmentof he Hong Kong Special Administralive
Region thiough the Unhersity Grants Commitles (Hong Kong), Il aims o
become ane of the leading universities in the Asia-Pacific region throwgh
excelence in professional educaton and applied reseanch. In two studies,
City University of Hong Kong mnks among the lop 200 universities in the
world, and among the top ten universities in the Grealer China region. The
mession of the Uiniversity is io nurtune and develop the talents of students and
o creale applicable knowledge in arder 1o suppor socal and economic
advancement. The student populabon s appradimately 26,000 enfolied in
ovar 180 programmas al the associate degree. undergraduale and
postgraduate levels. The medium ol nslruction is English.

The Unhersity inviles applications and nominatons for the following post.
Candidates with applied research achievaments will receive very positive
consideration. Relavant expedence in busingss and industrywill be a definile
assel

Head of Department of
Biology and Chemistry [ref. asarag)

The Depanment of Biology and Chemistry comprises 27 faculty members
and runs three undergraduate programmes (Applied Biology, Appled
Chamiiry, Envirnmental Sclence and Management), and one posigradusste
programme ([Emironmental Science and Technology) for over 330 students.
The Deparment places equal emphasison leaching and applied research.
Staff experisa liesin marine and coastal biology: pollution biology and
chemistry; eoolaxicology: analytical and environmantal chemistny, Cthar arsas
of focus such as green chemistry, enviranmental heaith and food safaty, and
nano-biovecio ane emarging helds which we built upon the interdisciplinany
strength of basogy and chemistry within the Department,

The Department has acund 70 PhD and 50 MPhil students pursuing their
postgradualie studies in these areas. In addition, thare are 90 research
lellows/resaanch assislants working with academic stalf on a vanety of funded
msearch projects. Since 1580 members of e Departmeant have atracted
mare than HKS354 .4 million of compati$ve research grants and compileted
more than 350 consullancy sludies for the Governmenl and ndustries.
Cutstanding achievernent in emaronmenial research is refliecied by the Centre
for Marine Environmiental Research and Innovatve Technokagy (MERIT)
supponed by a HKS4S milion Asea of Excelence Grant from the Government,

Qualifications for Appointment

Thit Head of Department will provide strong
academic leadership [n the developmant of
teaching and applied research within the
Dapartment, as wel as providing effective
manage rial leadarship. Candidates should
possess strong acade mic and professional
qualifications, substantial relevant experience
in tertary education, and an inlefnabionally
recognized record of research and
scholarship.

Salary and Conditions of Service

The successful candidate will be offered
appointment o an academic rank
commensurale with qualifications and
expeence. The appoirtment will eitver be on
superannuable lerms with provision for
supaerannuation benefils, or on a fbed-term
contract with contract-end gratuity,
Concurrently, he agpointes will be offered he
headship appointment for an initial pariod of
Ihvea years. The Linvarsity offers compaetitive
salaries and employee benelits, including
annual keave, medical and dental schemes,
housing benefits and, where applicable,
i ssmge allowance.

Information and Application

Furthar information on the post and the
University is available at
hitp:/fwearw. cityu.edu.hik or from the Human
Raosources Office, City University of Hong
Kong, Tat Ches Avenue, Kowigon, Hong Kong
|Fax : (852) 2788 1154 or (852) 2TER 9334/
email; hrklauw@cityu.edu hi] Please send the
nomination or application in the form of an
application letter, enclosing a currant
curriculum vitaa, to the Human Resources
Office by 20 March 2007, Pleasa quate the
refenence of the postin the application and on
heemnelope. The University reserves the right
locorsider e applicaions and nomenatans,
and 1o fil or not 1o Al the position,

MSCOVERN INSTITUTE

Faculty Positions At MIT,

McGovern Institute For Brain Research

The McGovern [nstitute for Brain Rasearch at MIT is seeking two faculty
miembers at the Assistant Prolessor, Associate Professor or Professor level
The McGovern Institute’s general focus s in systems neuroscience with an
emphasis on the newral basis of perception, cognition, and action. We are

soaking two candidates with a research focus in any of these three areas. one
using human subjects and the other using animal models, W would regard it
as a pius if the candidate’s work bridges levels using a variety of tools andfor
the candidale were inlerested in translating basic research findings into new
ideas for studying the pathophysiology or treatment of brain disorders.

The mission of the McGovemn Institute is 1o understand the relationship of
neuronal processes, circuits and computations to bethavior, ultimately providing
benefits to human health and welfare. Research in the McGovern Institule is
expacted to help people with brain disorders ranging from sensory System
impairments to movement disorders and emolional and cognitive disorders.
MoGovern Institute scientists have many opportunities for collaboration in a
divarse and cutting-adge environment In the fall of 2005, the Institute moved to
occupy & new building, which includes a brain imaging center for human
subjects and animals,

Applicants should submit a curriculum vitae, a summary of currant and
proposed research programs, and should arrange for three letiers of
recommendation o be sent electronically (preferably PDF) 1o the MeGovern
Institute Search Committee, al the following email address:
McGoveminstituteSearch @ mibedu. Please indicale which of the two positions
you are apphying for in your cover letter. Consideration of applications will begin
on March 1, 7. For morae infarmation on the MeGowesn Institute plaace visit
our website at httpo'webmit. edu/mcgovem

MIT is an Affirmative Action/Equal Cpporfunity Emplover.
Qualfied women and minonly candidates are aspedally encouraged 1o apoly.

http:ffweb.mit.edu

HEMATOLOGY-ONCOLOGY
PHYSICIANS

St, Jude Chaldren’s Research Hospital is secking hematology-oncology
physicians o provide patient care and participate in ongomg clinical
investigations for children with bematological disorders. Candwdates
should have MD {or equivalent) degrees, experience in patient diagnosis
and management, and a background in clinical trials relating o
hematology and/or oncology. Opporunities for laboratory-based rescarch
may also be avalable, Associations with the University of Tennessee
Health Science Center College of Medicine and the Depantment of
Pedistncs at Le Bonhewr Children’s Medical Center provide opportunities
for eaching stdents, residents and fellows. The facilites and salaries

are competitive.

Send a CV and letter of inquiry (referencing MOTONC) to:

Cynthia Brock

Husman Resowurces, Mail Stop 507 Children’s
S1. Jude Children's Research Hospital m Hospital
mm Ml"lh AL - Py Thiemie Peiidsl
Memiphis TH 38108 Pading aree. Soving b,

R Kl Uippuoi iy Homplirsany — € 200 o, et il s Mo Plirpid
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NIEHS Functions of Sir2

Ml Bilrie ol Haa "l

and Nuclear Receptors

Research Triangle Park, Norh Caroling

Postdoctoral positions are available immediately in the Laboratory

of Signal Transduction at the National Institute of Environmental Health
Sciences (NIEHS), a major research institute of the NIH located in
Research Triangle Park, North Carolina. NIEHS offers an outstanding
research environment and has been constantly rated by The Scientist
as one of the best places for post-docs to work.

Qur research is focused on the roles of NAD+-dependent protein
deacetylase Sir2 and corresponding post-translational modification

of nuclear receptors in aging and age-associated diseases. We have
shown that SIRT1, the mammalian orthology of Sir2, physically interacts
and deacetylates Liver X Receptors (LXRs), thus regulates their transcrip-
tional activity and cholesterol homeostasis. Current research areas include
nuclear receptor signaling pathways requlated by SIRT1 and their roles

in metabolism, aging, and metabolic diseases such as atherosclerosis

and obesity.

We seek highly self-motivated individuals who have a strong background
in signaling and transcriptional/translational regulation, and are interested

in aging research, Expenence with mouse
models is a plus. To apply, please send a Q ‘s
k L

cover letter, CV and list of three references

to Dr. Xiaoling Li at email; 5 St e s e
lix3@niehs nih.gov. P TP

NIEHS Staff Scientist in Protein Biochemistry
:":E'i'-m Research Triangle Park, North Carolina

The Lebaratory of Signal Transduction at the National Institute of Environmental Health
Seiences is recruiting a staff scientist in support ofthe Transmembrane Signaling Group
headed by Dr. Lutz Bimbaumer. The incumbent will oversee group efforts in studying molecular
mechanisms involved in the actvation of G proteins by quanine nucleotide exchange factors,
including the interaction of genetically engineered rhodpsing with transducin extracted

and purified from mammalian retinas. The selectee will be expected to personally execute
experiments, oversee up to three technical support personnel and train and supervise

group graduate students and postdoctoral fellows in the conduct of this area of research.
The successful candidate is expected to work with minimal guidance, carry the research

o publishable stages and work on these and other projects as defined by the group leader.

Minimum qualifications include a doctoral degree, successful completion of postdoctoral
training, record of publications and strang background in protein purification technigues
and analysis of enzymatic and physicochemical properties of mammalian and
recombinant proteins.

For additional information, contact Dr. Lutz Bimbaumer at bimbaul @niehs.nih.gov. For
additional information concerning the research projects and publications, visit the following
website: http.{fdicniehs.nih.gov/dirlstgroups/bimbaumerhtm. Applications from women
and minorities are particularly encouraged. To.apply, submit a curricubum vitae, bibliography,
brief statement of research interests and arrange for three letters of recommendation to

be sent by March 16, 2007, to the address indicated below. Applications received after that
date will be considered as needed:

Mr. Will Williams (DIR-07-02)
Mational | nstitutes of Health * National Institute of Emvironmental Health Sciences
P0. Box 12233, Maikdrop A2-06 * 111 Alexander Drive, Room AZ02

Research Triange Park, NG 27708 ¢ &
e-mal: dir-appls@niehs.nihgov i s
DHHE s BIH are Equad Oppoitanity Employers s stnaens o Baash

Tenure/Tenure-Track Investigator in HIV Research

Laboratory of Melecular Microbiclogy
NIAID's Laboratory of Molecular Microbiology (LMM) 5 seeking a viral immunolo-
gist for a tenure-track (assistant professor) position to develop an independent rescarch
program focusing on the immune responses o pamate lentiviruses. Candidates should
have an M.D, Ph.D. or DV M degree. The ideal candidate will have extensive reseanch
accomplishments in viral immunology in the context of primate lentivins pathogenesis
and vaccing development,

This position provides access to modem research facihtics and technologies including
flow eyiometry, DNA sequencing, oligonucleotide and peplide synthesis, confocal/light
MICTOSCOPY, Microamays, profeomics, and mass spectrometry. Acompetitive federal salary
and benefits package will be provided, along with an operating budget for squipment,
supplies, and staff.

Cuestions about this position can be sent to D, Maleolm Martin st malm@ nih.gov, To
apply, submit a curriculum vitae, bibliography and 2-3-page description of a proposed
research program, preferably via e-mail 1o Ms. Felicia Braunstein at braunsteinfia
nigid.nih.gov. In addition, three letters of recommendation must be sent to Ms, Felicia
Braunstein, NIAID, NIH; Bldg. 10, Rm. 4A31, MSC-1356; Bethesda, MID 20892-
1356. Applications must be received by February 28, 2007, Please nofe search #007
in all correspondence. Applicants will be notified by e-mail or phone phone when their
applications are received and complete.

Please see our web site at https/www.niaid, nib.govidiniabsAmm.htm for mformation
about current LMM prncipal investigators and their research interesis,

The NIH Director’'s Wednesday Afternoon
Lecture Series

Biomedical seientists around the world are inyited 1o join us online 1o
hear leading ‘investigators present their latest resulis 1o the NIH Intra-
mural Rescarch community. Lectures mav be viewed live at 3:00 p.m.,
EST (20:00 GMT)on Wednesday s, from September through June. Live
webcasts can be viewed under “Today's Events™ at: <htp://videocasi.
il povis

The currem s¢hedule of lectures is avallable at: <hitp:www | od . nih,
gov/wals/schedule him-~

Upcoming Lectures:

elanuary 24: Rabert . Grillin, MIT, Cambndge, MA: Sohd State NMR
of Membrane and Amyloid Proteins

January 31: Clara Franzini-Armstrong. University of Pennsylvania:
Protein Interactions in Caleium Release Units of Skeletal and Cardiac
Muscles

*February 21: Marc G, Caron, Duke University Medical Center: Novel
GPCR Signaling Paradigms in Animal Models

sFebruary 28: L. Mahadevan, Harvard University: Mathemaltics,
Mechanics and Motility

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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Tenure-Track and Tenured Investigator Positions g’é%%
in Systems Immunology and Infectious Disease Modeling o
HerS®
The National Institute of Allergy and Infectious Dhseases (NTAID), Division of Intramural Research (DMR) s seeking several owstanding individuals for ns new
Program in Systems Immunclogy and Infectious Disease Modeling (PSIIM).

Modern technology allows the analysis of immune responses and host-pathogen imnteractions at multiple levels—Ifrom intracellular signaling networks, to individual
cell behavior, to the functioning of a tissue, organ. or even whole organism. The challenge is not only to collect large amounts of data, but also to organize it in a
manner that enhanees our understanding of how the immune system operates or how pathogens affect their hosts, To do this, we need to develop detailed quantita-
tive models that can be used to predict the behavior of a complex biological system. These models can help to explain the mechanisms underlying physiological
and pathological responses to infection or vaceination, which can then be exploited to désign bener therapies of vaccines.

Achieving this goal requires an interdisciplinary ¢fTort and tothis end the PSHM will be onganized as an integrated team of scientists and support stafTwith expertise
in computational bielogy, bicinformatics, proteomics, cell biology, immunoclogy, and infectious diseases. rather than as a group of independent laboratories. These
teams will have aceess to the latest technology For gene-cxpression profiling, high-content sereenimg of RNAIL hbranes for the discovery of pathway components,
imaging tools, cores for the genctic manipulation of animals and for protcomic analysis, and a substantial computer infrastructure. BSL-3 facilities for working with
high priority pathogens will also be available.

Although the PSITM has been established within NIAID and has an immune systemyinfections discase focus, we expect it o foster the growth of systems biology
efforts at other NIH Institutes, primarily through the deve lopment of new software wools for complex systems modeling and methods for high-throughput screening.
Thus, PSIM team members are expected to imeract extensively with other NIH seientists and with extramural groups in the ULS.and abroad who share our interest
i a svstems approach 1o hology,

The PSITM is now recruiting for tenure-track or tenure level team leader appointments in three Key arcas:

Computational Biology: The incumbent will lead a group focused on the developmient and improvement of software 1ools for multiseale modeling and simula-
tion that can be used by the PSIIM as well as by biologists intercsted in subjects other than immunity or infectious diseases. The ideal candidate will have a strong
backgeround in mathematics, physics, and computer programmuing, and a clear desire and ability w interact with and support the efforts of biologists. A demonstrated
ability to generate computer soltware tools for biological modeling will be a strong plus.

Molecular/Cell Biology: The imcumbent will lead a group involved in the design, implementation, and imterpretation of sereening effons w identify and deter-
mine the interactions among the components in signaling networks that could then be modeled using the software generated by the compuiational biology team or
obtained from other sources. Discovery tols such as gene arrays, high-content image-based screens using RNAG methods, variows protein-protein hybrid screening
methodologies, and optical imaging are expected to be kev elements in the efforts of this group. A strong background in basie cell biology and molecular biology
with expericnce in analvsis of protein-protein interactions, signaling, and/or gene regulation is required. Expertise in large-scale screcning is highly desirable,

Infectious Discases: The incumbent will be responsible for developing novel approaches to systems-wide analysis of the imeraction of infectious agents and their
hosts. These may include the use of gene-expression signatures, the production of gene-modified animals, the development of methods for in vivo testing of the
predictions of models. and the use of sophisticated imaging and other wols for probing the interaction of pathogens and host cells in vitro. A strong background in
viral and/or bactenial infectious diseases andcell and molecolar biology are necessary: trmining in the immunology of infectious diseases and substantial bioinfor-
matics expenence are highly desirable.

These positions and the research activities they conduct are fully funded by the intramural research program of NIH. Each weam leader is expected to build a working
group consistiing of postdoctoral fellows, stafl scientists, lechmoans, and students. The team leaders wall work with the program director to help set the goals for the
PSIIM and to determine how best to reach these goals as an integrated group. To ensure appropriate carcer trajectories for those joining the PSIIM teany, the NIH
has modified its tenure decision policies w0 encowrage and account for contnbutions made i such a team science setting. Applicants should be secking a difficult
challenge in which creativity, techmcal expertise, and a strong desire to achieve in a team environment are critical for success.

Interested candidates may contact D, Ronald Germain, Program Divector, PSTIM, DIR, NIATD at 301-496-1904 or rgermainia niaid.nih.gov for addinonal
information about these positions.

To apply, submit your curriculum vita, bibliography. and detailed statement of how vou can contibute to the success of the PSIIM program to Felicia Braunstein
at braunsteinfia niaid nih.gov, In addinion, three letters of reference must be semt diveetly from the referee 1o D Robert Hohman, Chair, NIATD Scarch Com-
mitiee, ¢/o Ms, Felicia Braunstein, DIR Committee Management Team Lead, 10 Center Drive, MSC 1356, Building 10, Room 4A31, Bethesda, Maryland
20892-1356, Completed applications MUST be received by February 16, 2007 for computational biology, and March 16, 2007 for Molecular'Cell Biology as
well as for infectious discases. Please refer o ad #012 for computational biology, #013 for molecular/cell hiology, and #0104 for infectious discases on all cor-
respondence. Further information on these positions and guidance on submitting vour application are available at hitp:healthrescarch.niaid.nib.gov. For more
information about the NIAID systems biology program. please visit http:/fwww.nih.gov/catalyst/2006/06.09.01 /pagel .html
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NEW RESEARCH GRANT
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recherche CALL FOR CANDIDATES

ATTRACT PROGRAMME

Opportunities for Outstanding Young Researchers in Luxembourg

What is it? A programme by the National Research Fund Luxembourg which
offers cutstanding international researchers the opportunity to set up a research
team within a public-sector research institution in Luxembourg.

How does it work? Candidates jointly submit a project proposal together with a
Luxembourg public-sector research institution. The Fund chooses one candidate
per call. Funding is allocated for five years and projects may require up to
EUR 1,000,000 as a contribution from the Fund. Host institutions will offer
candidates the prospect of integration in the medium and possibly long term into

their activities.

Who may apply? Candidates must be excellent and must have gained a
minimum of two and a maximum of eight years' professional experience since
successful completion of doctoral studies. The fields of research targeted are
those prionitised by public-sector research bodies in Luxembourg. Exceptionally,
research in other areas of proven relevance to Luxembourg may be included.

Interested? A list of Luxembourg research institutions and potential research

domains can be found on our website www.fnr.lu,

Call Deadlines:
15 March 2007: Submission of declarations of intent
1 June 2007: Submission of full proposals

For further information please contact:
Mrs Ulrike Kohl, Programme Manager
Phone : +352 26 19 25 32

E-Mail : ulrike_ kohl@fnr.lu

RESEARCH IN LUXEMBOURG

www.fnr.lu

NEUROSCIENCE
RESEARCH
FELLOWSHIPS

Applications are invited for three Neuroscience
research fellowships at the Albert Einstein College of
Medicine. These fellowships provide an exceptional
opportunity for M.D.s to engage in full time research
for twelve months under the guidance of leading
experts in the field of newroscience. The fellowships
provide a base stipend of 571.507.00 {unlicensed)
per annum, with the possibility of renewal for a
second year on a competitive basis,

Requirements: Applicants must be US citizens or
permanent resident M. D.s who have passed USMLE
parts | and [, or ECFMG. Preference will be given
to applicants with prior research experience, and
those who foresee a significant research component
in their career.

Application procedure: Applicants should identify and
secure the support of one or more potential mentors
from the neuroscience and psychiatry faculty at
AECOM. The list of facul by with primary and secondary
appointments in the Newroscience Dept may be at
hittpefwwn kennedy.secomayu.edu/neuroscience/

Two letters of recommendation, a two page
description of career goals and plans for the
fellowship, and a letter of support from the potential
neuroscience Goulty mentoris) should be sent, by
April 1, 2007, tec Dr. Donald 5. Faber, Dept of
Neuroscience, Albert Einstein College of Medicine,
1410 Pelham Parkway South, Bronx, NY 10461,
The successful applicants will be notified by April 30,
2007. EOE

¢ ALBERT EINSTEIN Coaq
+ &5 | COLLEGE OF MEDICINE ©.~ /5

i _;a Advamciig seleace, building carrers \'(*_'.

Endowed Chair in Pediatric Research
Scott & White Health System
Texas A&M System Health Science Center College of Medicine

The Children's Hospital =t Scott & White and The Texas AEM System Health Schence
Center College of Medicine are seeking a nabonaly recogrired research scientst as the frst
helder of the Josephine Balard Endowed Chasr in pediairic research. Applicants should be
sccomplished Investigators (Ph.D.. MD. or MDJ/Ph.D.) a1 he assocate or professor level with
current federal granis and a proven track recoed in basic, clnical, andior iranslational research
The successhd candidale wil join an expanding faculty wilhen 3 birge academse healthcare
systemn. The chair holder wil play a crifical role in direcling and expanding reseanch activities in
podiatric diseass, in dote collaborabon with imsesigalors in lbcal, nabonal and inlemalonal
expers in cal biclogy, genomics and proleomics.

The Chidren's Hospital a1 Scolt & While sarves a large dinical base throughout Ceriral Texas.
There are oubstanding dinical pracice and Bboralory Bdlfies on campus thal perform stale of
the art molecular and cellular bigiogy techniques, flow cytomelry, proleomics and gENoMIcs as
well a5 biostabislical supporl services. Animal laborafory clities include areas fo perform
medical and surgical procedures. Laboratory space and an appeopriale star-up package for the
char holder will be provided. The Scofl & White Healthcane sysiem is one of the langest mulfi-
spedalty integrated delivery systems in fhe naion, Scofl & White is the pimary clinical and
hospital teaching campus for the College of Medicne. Academic appoiniments al fhe associale
and professor level through the Coliege of Mediine ane commensurate with qualfications and
experience

Interested candidates should send a copy of thesr curiculum witse, betier addressing heir
quakfications and a kst of 3 ndivduals who can provide references 0. Don P. Wilson, M.D.,
Chair, Search Committee for Josephine Ballard Centennial Chair in Pediatric Research;
Chairman, Department of Pediatrics, 2401 South 31st Streel, Temple, Texas TES08, 254-
T24-4363, fax 254-724-1938, email; dwilson@swmail sw.org.

Scoff & While i3 a0 equal opporfnaty employer.  For move idormation
regarding Scoff & Whie and The Tuas ASM System Health Scence Cenler

The Colloge of Medicing, plaase fog onfo: wwwilamu, sdy and www 5w o
l.':h?ld ren's s
Hospital HuaLth Scipncy CENTER

Wl RCOTT & WHITE Cominas oF MEBciNE

THE UNIVERSITY OF Warwick Systems Biology Centre

WA RQ“_V,ICK Research Fellow in

Bayesian Methods
in Bioinformatics

Warwick is one of Britains  £24,161 - £31 525 pa
leading universities with Ref: 52758-017
an enviable reputation for

educational opportunities,  rad Term Gontract for 2 years
first rate research and its

commitment tothe local i, will work on the development and
ey applcation of Bayesian methods in
Bioinformatics and Systems Biology.
You should have a Ph.D. in
computational biology or a relevant
quantitative figld such as theoretical
phwysics, engineering, applied
mathematics, statistics etc and a
strong interest in molecular biology.

The University Values
Diversity

Application packs are available from Personnel Services on
024 7652 3685 (24 hour answerphone), by email:
recruit@warwick.ac.uk, our website below or
www.jobs.ac.uk/warwick. An application form MUST be
completed if you wish to apply for this post.

Closing date: 19 February 2007

www.warwick.ac.uk/jobs



FACULTY POSITIONS

MASSACHUSETTS
GENERAL HOSPITAL
is recruibing faculty in Sarcoma Biology for a
newly created, multi-disciplinary lab within the
Depariment of Orthopaedic Surgery (facully
member of Harvard Medical School). Post
Doctorate or Instructor Level position 1s available
specifically focused on the basic understanding
and manipulation of sarcoma cells to provide
detailed analyses of sarcoma by micro array
analyses in the hope of providing new insights
to drug development. Interest — mechanism of
drug resistance by sarcomas, The incumbent
would interact with industry in the develop-
ment of new chemotherapeutic drugs and with
scientists in Radiation Oncology, Pathology, and
Surgical Oncology. The Onhopacdic Depariment
research program emphasizes the biology of skel-
clal tissues with a focus on osteoarthritis, bone
defiects, healing, and bone tumors, This recnuit-
ment prioritizes basic cell biologic mvestigation
as a base for translation into practical applica-
tions in human discase. The centers participate
fully in the Dana Farber Harvard Cancer Care
imitiatives or mission and graduate programs: the
laboratory 15 on the MGH main campus, We are
secking Ph.D. scientist with a proven track record
of innovative, interaclive rescarch,

Candidates should send a letter of interest
including research plans, CN. and 3 letters of
support 1o Dr. Francis H. Hornicek, M.D.,
Ph.D., Department of Orthopacdic Surgery,
Massachusetts General Hospital, 55 Fruit
Street, YAW-3700, Boston, MA 02114; Email:
Lmeneill (e partners.org.

n e @ n o _CH!EF SCIENTIST -
The Mational Ecological Observatory Network office (NEON:

www.neoninc.org), managed by the nonprofit NEON Corpora-

- o PRI stini {WEON Inc.). has an immediate opening for a full-time Chiet’

Scientist o oversee the development of NEON's scientific capabilities. This position will be based in
Boulder, Colorado with the potential to stan as soon as 15 February 2007,

MEOMN is a Major Research Equipment and Facilities Construction project being developed for the
Mational Science Foundation. The goal of NEON, Inc. is o deliver a continental-scale research instru-
ment consisting of geographically distributed and networked infrastructure, including lab and field
instriimentation, site-based experimental mfrastructure, bodiversity archive facilities, and computational,
analytical, and modeling capabilities,

JOB DESCRIPTION: Reporting to the Chief Executive Officer, the Chief Scientist shall lead NEON's
science functions and provide strategic guidance for the management, design, and development of the
scientific infrastructure. This effort includes but is not limited to: (A) Ensuring that the science undertaken
by NEON is founded on the best and most current scientific understanding, (B) Ensuring that NEON
scientific capabilities are translated into a robust networked infrastructure, which requires working with
the NEON Facilities Manager and each of the twenty lead Domain scientists 1o deploy the scientific
infrastructure across the Nation, and (C) Ensuring that NEON scientific capabilities are supported by
WEOQMN s cyberinfrastructure, which requires working with the scientific community to define data collec-
tron protocols, QAQC protocols { for both instruments and field campaigns), and data product algorithns.
The Chief Scientist shall also work closely with MEON's cyberinfrastructure pariners to translate these
data requirements into system design specifications,

SKILLS, EXPERIENCE, AND QUALIFICATIONS: The successful candidate should possessa PhD
degree in arelated field. The candidate should have 10 years professional experience ina leadership role
with substantial supervisory responsibilities, Experience in research on large scale ecological processes,
a demonstrated ability to lexd lange collaborative scientific efforts, and prior experience working with
cyberinfrastructure specialists to develop scientific data systems is a plus. Strong communication and
interpersonal presentation skills are key, owing to the extensive interaction across a broad range of
individuals with diverse scientific backgrounds.

TO APPLY: Applications will be reviewed starting mid Febrouary 2007. This position will remain open
until filled. Travel will be required and salary is commensurate with experience. This is a full-time,
salaried position subject to the continuing availability of NSF funding. Benefits include health care,
pard vacation, and retirement plan, Send cover letter, resume, salary history, and salary requirements
to: NEON Administrative Director, attn. NEON Chicl Scientist Search, AIBS, 1444 Eve St NW,
Suite 200, Washington, DC 20005; FAX: 202-628-1509; bweewaibs.org.

FACULTY POSITIONS

University of

Massachusetts
UMASS Medical School

FACULTY POSITIONS, DIABETES CENTER

The Diabetes Center at the University of Massachusens Medical School
invites applications for JUNIOR TENURE-TRACK and SENIOR TEN-
URED faculty positions. This newly established multi-disciplinary Center
seeks basic scientists and physician scientists with research experience rel-
evant to the fields of either type | or type 2 diabetes and metabolic disease,
The Diabetes Center seeks to build upon its substantial diabetes clinical and
research program to enhance its leadership in developing innovative clini-
cal care and discovery of new therapeutic modalities. The Diabetes Center
will be housed in a new building designed to integrate clinical service and
research activities performed by teams of outstanding faculty, There is par-
ticular interest in strengthening the areas of beta cell biology, autoimmunity
and clinical studies on mechanisms of metabolic abnormalities in humans.
Facilty appointments will be made within the Department of Medicine or
other Clinical and Basic Science Departments as appropriate.

The faculty positions will be highly competitive with regard to start up funds
and guaranteed salary forupto 5 years. Faculty recruits will have full access
to the owstanding scientific environment at the Medical School, including
extensive Core facilities that support work in genetically modified animals,
genomics/ proteomics, bioinformatics, imaging, RNAI and small molecule
screening. Emphasis in recruiting will be placed on translational research
and particularly attractive packages will be wvailable to clinical researchers
committed to this focus.

Applicants should send curriculum vitae, statement of research interests,
and names and addresses of three references to: Dr. Aldo Rossini, Director,
or Dr. Michael P. Cezech, Search Committee Chair, Diabetes Center,
University of Muassachusetts Medical Schoal, 373 Plantation Street,
Suite 100, Worcester, MA D1605.

The Universine of Massachusetts Medical Sclhool i an
Equal Oppartumitv/Affirmative Action Empilover,

PURDUE

UNIVERSITY
Head, Department of Physics

Applications are invited for the position of Head of the Depariment of

Physics at Purdue University from dynamic individuals with creative
vision and an outstanding record of research accomplishments. The
depariment, one of the seven departments of the College of Science, has
over 50 faculty members, with active research programs in astrophysics,
accelerator mass spectrometry, biophysics. condensed matter physics,
elementary particle physics, geophysics, nanophvsics, nuclear phys-
ics, sensor technology, and physics education, Department faculty
are involved in University-wide multidisciplinary research through
Mscovery Park, a group of imterdisciplinary research centers httpidf
discoverypark. purdue.edwwps/portal and the College of Science http://
www.science.purduc.edu. The department has implemented a strategic plan
for future growth supported by the higher administration. Further informa-
tion about the department can be found at http://www.physics.purdue.edu.
The successful candidate will have an outstanding record of scholarly
achievement commensurate with the rank of full professor at Pardue,
exceptional and proven leadership qualities and admimistrative abilities,
a vision of the role of the physics department in the university, state and
nation, and the skills to communicate it In addition to a strong rescarch
program, we seck @ commitment to teaching excellence, and a commit-
ment to diversity. Qualified persons should submit o letter of application. a
research statement, a teaching statement, a vision statement, and complete
curriculum vitae with addresses and email addresses of four references.
Review of applications will begin March 15, 2007 and will continue until
the position 15 filled. Send applications, nominations and inguires to: h-
searchim physics.purduve.edu. Hard copy applications may be sent to: lan
Shipsey, Head Search Chair, Department of Phiyvsics, 525 Northwestern
Avenue, Purdue University, West Lafavette, IN 47907-2036.

Purdire University i an Egual Oppartunitvy/Equal Access/d flirmative
Action emplover cammitted to buifding a diverse focwlty of exceflence,
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THE INSTITUTE FOR
DRUG DEVELOPMENT

A Devison of the Cancer Thevagy & Research Cemer

CTRC

Cancer Therapy & Research Center

DirecTOR
InsTmuTE FOR DRuG DEVELOPMENT

The Institute for Drug Development
(IDD) secks an experienced, decisive,
and enthusiastic physician/scientist to
fill the position of Director. The Director
will have the primary responsibility for
refocusing the 1DD for the opportunitics
ol the next decade of cancer treatment.
He/she will build upon [DDs raditional

strengths in the Phase [ investigation of

oncology drugs, while expanding the
translational rescarch that informs and
enriches drug development,

The Institute for Drug Development
is a key research unit of the Cancer
Therapy and Rescarch Center (CTRC)L
CTRC is an equal joint-venture pariner
with the University of Texas Health
Science Center at San Antonio in the
San Antono Cancer Institute, an NCI-
designated cancer center located at the
South Texas Medical Center. Founded in
1991, the IDD has grown 1o become the
premier Phase [ program in the world,

having a stall of’ 126, and a budget of

512 million. Programs are supported
by federal grants, including the NCI
UGl Phase | grants, pharmaceutical
and biotechnology contracts, clinical
practice, foundations, community phi-
lanthropy, and investments. Coupled
with other mvestgational capabilities,
the [DD forms the foundation for the

Experimental Therapeutics Program of

the SACH core grant,

The successiul candidate will have an
M.D. or M. Ph.D., with a sustained
record ol peer reviewed funding by NCLL
The candidate must be a strong leader
and a capable motivator, and able 1o
develop the talents of others in suppor
of the Institute’s mission.

Korn/Ferry International is assisting the
Cancer Therapy and Rescarch Center
with this important search. Please for-
ward, as soon as possible, nominations
ol appropriate candidates or expressions
of interest 1o
Warren E. Ross, M.D,
{(warren.rossia Kornferry.com)
Korn/Ferry International
1835 Market Street, Suite 2000
Philadelphia, PA 19103
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Scientist

5a Sunnybrook
Positions

RESEARCH IMABTITUTE

The Sunnybrook Research Institute (SRI) a1 Sunnybrook Health Sciences
Centre invites applications for both senior and junior positions. Applicants
with competitive research programs in the molecular, cellular, or genetic
basis of disease, systems biology, developmental biology. cellular signaling
or inflammation, must hold a Ph.D. and‘or M.D. degree, have a strong record
of research accomplishments, and be eligible for academic appoiniment a
the University of Toronto.

Fully affiliated with the University of Toronto, the SRI is comprised of four
Research Disciplines: Clinical Epidemiology, Clinical Integrative Biology,
Imaging, and Molecular & Cellular Biology [www.sunnybrook.ca/research].
With annual extramural funding of more than $85M, research activity by
the 130 faculty at SR is housed within 250,000 sq.ft. of state-of-the-an
research space, with 130,000 sq.it. of new space to be completed by 2009,
SRI offers full salary, benefits and pension plan, and provides excellent core
infrastructure support including: facilities for imaging, histology, hybridona
production, flow-cytometry and scanning microscopy, proteomics, genom-
ics, transgenesis and gene targeting. A major centre for graduste education
through cognate University of Toronto Departments, there are over 200
graduate students and postdoctoral fellows currently training ar SR

Researchers within the Discipline of Molecular and Cellular Biology are
nternationally competitive in areas including the analysis of the genetic and
biochemical basis of: imimune system development, oncogenesis, cell signal-
ing, cell cvele repulation, disease susceptibility, angiogenesis and vascular
modeling, and imaging guided early detection of cancer.

Curric ulum vitae and details of research activities can be submitted electroni-
cally or by mail to: Daniel Dumont, Ph.D., Director, Molecular and Cellu-
lar Biology, Sunnvbrook Research Institute, 2075 Bayview Avenue, Room
52-18, Toronto, Ontario, M4N 3IMS; dan.dumonti@sri.utoronto.ca,

Surivbrook Health Sciences Centre and the University of Toromio are
commmitfed fo emplovrent equine and wedcome appfications fiom all
gualified women and men, including visible minorities, aboriginal peaple,
persons with disabilities, and persons of a diversine af sexual orientation,

GRANTS

European Commission 6" Framework Program
EURASNET
Network of Excellence (2006-2010)

EI.I EURASNET (
SIXTH FRAMEWORK
PROGRAMME

Open Call for the Young Investigators Program

30 European Sciemists have established EURASNET, the
European alternative splicing network, EURASNET is a
Network of Excellence consortium within the 6% Framework
Program (FP6), and integrates European research on allernative
splicing. To promote new groups working on allernative
splicing, EURASNET will include live Young Investigator
Teams. They will have full access to EURASNET activities
and a three-year rescarch grant totaling 120,000 €. Applicanis
should be within their first three years of independent rescarch
at the time of their application, hold a position in an imstitute
eligible for FP6 funding. and be willing to contribute towards
the Jomt Program of Activities.

Deadline for applications: March 7, 2007
For information about EURASNET and how to apply, please

direct your browser to:
www.eurasnetinfo

TN '.-'_l .
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PROJECT DIRECTOR
Ref: ESSPD

The ESS-Bilbao Consortium representing the Spanish
candidature to host the European Spallation Source
in Bilbao, Basque Country, Spain, is searching for a
PROJECT DIRECTOR. A professional in the field
ol Neutron Physics and Engineering and/or Neutron

Scattering Technigues with an established record ol

significant scientific accomplishment and leadership
will fill the position.

The ES5-Bilbao Consortium 1s a newly established
organization created with the mission to promote and
consolidate the Spanish candidature (o host the Luropean
Spallation Source in a scientific, technical, economic
and administrative way.

The Project Director will be responsible together with
the Executive Committee President for achieving the
consortium goals. He/she will be involved in the pro-
motion and coordination of the candidature and will

oversee organization, as well as the implementation of

pending technical issues alongside with establishing
international collaborations.

We are looking for a highly qualified person with proven
experience in Neutron Physics and Engineering and/or
Neutron Scattering Techniques rescarch. Experience
on international managing teams and understanding
ol development functions and procurement funds are

essential, ideally with an international network ol

contacls,

Excellent command ol English is indispensable, both
oral and writlen, a second European language is an
assel: good presentation and communications skills,
Knowledge ol Spanish is not a requirement.

The ESS-Bilbao Consortium oflers a challenging posi-
tion and salary depending upon proven experience.
Applicants should forward their CV and contact infor-
mation for two relerees by February 28, 2007 by post
mail or e-mail lo:

Ms. Cristina Oyon

REF. ESSPD
Parque Teenoldgico de Bizkaia
Laida Bidea Ed 214
E- 48170 Lamudio
SPAIN

cristinaovonia esshilbao.com
www.esshilbao.com/html/Employment

ESS- Bilbao Consoriiten is an
Equal Opportunity Emplover.

ScienceCareers.org
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ACLLTY

POSITIONS
DIRECTOR
Proteomics Core Laboratory

Candidares are soughr for the position of Mroteo-
migs Core Laboratory ( PCL) Dirccror in the Caollege
af Medicine ar the University of Toledo Health

Sdences Campus (formerly Medical University of

Ohio). Applicants must have an MLS. or Ph.D. in a
relevant ficld, and direct expenence with electro-
phoretic methods of protein scparation, hguid chro-

matography, and mass spoctrometne analvsis of

protems induding sequence determination,  Expe-
ricnce with antigen-antibody arrays in proteomic
quantification will be considered an advantage. The
successful applicant will assist University rescarchers
in planning and interpreting  proteomics-based
projects, and oversee daily operations of the PCL
including supervision of a technician. Candidates
with an independent rescarch program could be
considered for faculty rank in an appropriate aca-
demic department. The MCL is located in brand new
labaratory space, and includes a MALDH-ToF and an
ion-trap tandem mass spectrometer, website:
http:/ S hsc.utoledo.edu /depts /bininfo /cores /
protintro.html. Send curmiculum vitae that specifi-
cally includes a descripion of relevant expenience,
cover letter, and contact information (incheding
telephone numbers and c-mal addresses) for three
referees. Marenals should be sent to: Proteomics Core
Laboratory Director Search, ¢/0 Ms. JoAnne Gray,
Program in Bicinformatics and Proteomics/
Genomics, Room HEB-121, University of Toledo
Health Science Campus, Toledo, OH 43614
5804 or c-mailed 1o e-mail: jgray@meduohio.edu.

Inguirics may be addressed 1o the Program Direc-
tor, e-mail: robert.blumenthal @utoledo.edu.

POSITIONS OPEN

HARVARD MEDICAL SCHOOL
Children’s Hospital Boston

POSTDOCTORAL or INSTRUCTOR level
positions to study the impac of inflammatory pach-
ways on the development of pulmonary hyper-
tension and cardiopulmonary  pathologics using
animal models of lung disease and stem cell-based
interventions. Applicants should have a Ph.D. or
equivalent degree and Huency in English is essential,
Strong background in molecular biology, stem cells,
oxtdant stress, mflammation, or histopathology 1s
highly desirable, Send curriculum vitae, a brief sum-
mary of research interests plus three references o

Stella Kourembanas, M.D.

Clement A. Smith Chair of Pediatrics, Chicf
Division of Newborn Medicine
Children’s Hospital Boston
300 Longwood Avenue - Enders 960
Boston, MA 02115

Or e-mail: stephanie.giannetto@childrens,
harvard.edu.

CHILDREN'S HOSPITAL
Harvard Medical School
Division of Respiratory Diseases

The Division of Respiratory Discases is scarching,
for a BASIC SCIENTIST (Ph.I}. M.D. or M.D./
Fh.DD.) to cstablish a laboratory investigating link-
ages between adipocyte biology and inHammaton.
The successful candidate will have an established in-
terest in this or other emerging arcas of inflamma-
tion hin]n;_..\ Rank will be commensurate with
expericnee, and a generous recruitment package is
available, The Children’s Hospital is in the heart of
the Longwood Medical Area and Harvard Medical
School, and is a resource-nich collaborative environ-
ment. Women and minonues are encouraged o
apply to: Prof. Craig Gerard, Chair, Search Com-
mittee, 300 Longwood Avenue, Boston, MA
02115 (e-mail: craig.gerard@childrens. harvard.
edu}. Letters of reference from at least three senior
imvestigators should accompany the application,
Children®s Hoggwtal 1z an Bgueal Opportunity B pleyer,
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FACULTY POSITIONS

MOLECULAR GENETICIST /BIOLOGIST
ASSISTANT PROFESSOR

Tenure Track, Academic Year 100 Percent

The Department of Biology, University of
Wisconsin-La Crosse, invires applications for an
academic vear, tenure-track position at the level of
Assigrant Professor. The successful candidare will
teach genetics or cell biology, and develop a course
i her/his arca of expertise (population genctics,
molecular evolution, genomics, or signal transduc-
tion desirable ), Apphicants must have a strong com-
mitment to undergraduate education. A Mh.D. in a
biological science is required. Some previous teaching
expericnce is desimble, Successful candidates will be
expected o develop an externally funded rescarch
program and direct undergraduate and graduare
{M.5.) research. Academic vear salary compenitive and
commensurate with expericnce. Start August 27,
2007. Applicants should submit lerter of application,
curnculum vitae, statements of teaching philosophy
and rescarch interests, praduate and undergraduate
transcripts, and three ketters of recommendation to:
Dr. Mark Sandheinrich, Department of Biology,
University of Wisconsin-La Crosse, La Crosse, W1
54601. Applications must be received by March 30,
2007, and elecrronic applications will not be accepred.
As an Affimnative Action Egual Opportrity Employer, e
Univessiry of Wisconsin-La Crosse is engaged e an gffort to be a
Teader in Wasconan's movement towserd inceased diversity and
indugtoeness, Wonmnen, prerions |'!f.|.|5'I|"r. ard inndiedcdoals vl o
dll;-.J!lIrl’]' e rumr:.llp._\'d' [ .rf-ju'r. {f. ot T ap -.Ilr.:.rﬂ ineed /
aaonnnodetion 1o aid e paridpniioe i our irng proass,
contict Mark Sawdhelnrich f(e=mafl; sandhein.
mark@undax.edu) fo prake appropriate omoRenoN,

||=I'r-.|_-|'

ASSISTANT PROFESSOR
Diivision of Research
Department of Fathology
Louisiana State University School Health Sciences
Center, Shreveport

The Division of Rescarch within the Department
of Pathology at Louisiana State University Health
Saences Center, Shreveport, is secking applicants for
a tenurc-track appointment at the Assistant Pro-
fessor level, This posivon is open o individuals
possessing Ph.D., M.D., or M.D. Ph.D). degrees.
The wdeal candidate should have expertse in one or
more of the following arcas: molecularfeell biology
of extracellular matnx molecules, angiogenesis, cell
adhesion and sipgnaling, and/or vaseular wall pathol-
ogy. Apphcants with experuse in the above arcas
espedially in the context of diabetic complications are
particularly encouraged to apply. The scleaed can-
didate will have limited personal teaching Aclinical
responsibilitics, primarily defined by hisher inter-
ests and training. Applicants should submit curricu-

lum vitae, list of at beast three references, and a brief

descriprion of research inrerests and  dircction by
March 30, 2007, to: Kevin McCarthy, I'h.DD., Pro-
fessor, Department of Mathology, Louisiana State
University Medical Center in Shreveport, IO,
Box 33932, Shreveport, LA 71130, Lousama State
Univessity Media! Center is an Affinnative Action Employer.

POSITIONS OPEN

FOSTDOCTORAL POSITION

BioT Incorporated secks five MOLECULAR
BIOLOGISTS for the R&D Department. The po-
safion requires experience i (1) Isolatgon and pun-
fication of RNA. from tissucs, cells, bacteria, and virus,
{2) Messenger RNA quantitagon using PCR, (3) Iso-
lation of complementary DNA cdones from RNA
using real ime polymerase chain reaction, (4) DNA
sequencing, restnction enevme digestion subdoning,
plasmid construction and ransfecnon. Full-tume
positions and salary 560,000 per vear. These posfions
vequire citizens of the Turkesds Repubiie. Interested
applicants should send curriculum vitac to: Assodate
Professor Dr, Siikran Sahin, R&D Coordinator,
BioT Incorporated, Istanbul, Tiirkive. Telephone:
90-216-449-25-15, e-mail: sukran@biotas.cu.

POSITIONS OPEN

INSTITUTE OF BIOCHEMISTRY AND CELL
BIOLOGY
Postdoctoral Fellowship
Wang Yinglai Postdoctoral Scholarship
Center for Cell Signaling

Positions for Institute of Biechemistry and Cell-
Biology (IBCB) POSTDOCTORAL FELLOWS
and Wang Yingla MOSTDOCTORAL SCHOL-
ARS are available immediately at the Center for Cell
Signaling (CCS), 1BCH, Shanghai Institutes for
Biological Sciences (S1BS), Chinese Academy of Sci-
ences { CAS). The Center provides a platform for the
collaboration  between investigators at IBCB and
their overseas colleagues, working on the following
rescarch topics: Jiarui Wa (IBCE) and Wei Du
{ University of Chicago) Cell proliferation during
normal development and mwmongenesis. Xiaolong
Liu {(IBCB) and Hua Gu {(Columbia University):
Signaling in hematopoictic stem cells and hemato-
poicsis. Gang Pei (1BCE) and Jun-Lin Guan { Uni-
versity of Michigan ): Integnn signaling in breast cancer
and embrvonic stem cols. Maihe Jing (IBCB) and
Anning Lin (University of Chicago): Signaling i
neural stem cells, newral induction and ccll death.
Chen Wang (IBCE) and Zhenggang Liu (Nanonal
Cancer Instture): Signaling in cell death, inflam-
matien and tumorigeness. Lin Li (IBCB) and
Dianging (Dan) Wu (Yale UniversityUniversity):
Wit signaling in stem cell biology. Xueliang Zhu
(IBCB) and Yixian Zheng (Camncgic Institutc of
Washingron): Cell polanty formation and mitosis.

Successful candidares will be recent Ph.ID. gradu-
ates with a strong background in the relevant re-
scarch fields. The Fellows or Scholars will enjoy a
strong rescarch environment and have the possibiliny
o work abroad for a short period of tme during the
Fellow ar Scholar renure and to continue their study
after successful completion of the fellowship or
scholarship, The salary compensation will be haghly
competitive. In vour application, please indicate the
rescarch arca you are interested . For more in-
formation, please see website: http:/ /www.sibch.
ac. l:n,"bmhlhnuxp asp. Please ¢-mail your curricu-
lum vitae and three reference letters to; Mr. Banghe
Mao, Institute of Biochemistry and Cell Biolo-
gy, Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences. E-mail: bhmao@
sibs,ac.cn.

EXECUTIVE VICE PRESIDENT

Marional Mscase Rescarch Interchange ( XDRI), a
not-for-profit company providing scentists with hu-
man biomarerials for rescarch, invites applications for
Executive Vice President. The Exccutive Vice Pres-
ident will possess strong finandal and organizaional
competencies with a nanimum of ten years of expe-
rence working in a scientific environment requiring
business management skills,. Requires demonstrated
sLCCess In negotiating, sponsored research agreements,
supervising technology joint ventures, and evaluating
new science and technology,

Qualificd candidates with an advanced degree in
medicine or 2 Ph.D. in the biological sciences ar
medicine in molecular bislogy, immunology, genet-
ics, pathology, or a related ficld are expected 1o have
submitted successtul grant applications o NIH and
be familiar with NIH neporting requirements and
leadership, Supenor communication skills required.
Computer expertise o indude advanced spreadshect,
database, and reporting skills, Must have excellent
analyvric, writing, and presentation skills, An energet-
ic team player committed 1o organizatonal growth
and identfication of new oppormunitics is required,
Comperitive salary and excellent benefits. E-mail cur-
rculum vitae o e-maik smegovern @ndriresource.
org, or fax to 8. MeGovern ar fax: 215-557-7154,
or mail to:

Atn: 5. McGovern
1628 John F, Kennedy Boulevard
8th Floor, 8 Penn Center
Philadelphia, PA 19103
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2 Great Career Events

Science/UCSF Making the Most

Biotech Industry of Your Career Fair
Ca re e r Fal r Attending the career fair? Learn how

ScienceCareers.org

(in partnership with AAAS Annual Meeting) to market yourself at our free seminar.
Science Careers and UCSF are co-hosting Tuesday, 13 February 2007

a career fair. Come meet recruiters face to 6 pm —reception to follow

face and explore career opportunities for UCSF Mission Bay Campus

all levels of scientists. Genentech Auditorium

San Francisco, CA
For information on exhibiting, contact

Darrell Bryant at (202) 326-6533. Making the Most of Your Career

Thirsd S 57 Fair is sponsored by Genentech
Urscay, epruary

1:00 pm— 4:30 pm Genentech

UCSFMISSIGnEa‘y'Car‘!'IpUE IMN BUSINESS FOR LIFE

Robertson Auditorium
San Francisco, CA

ScienceCareers.org

More information on these events at :
www.sciencecareers.org/ucsf e Aoy Scimnes AT AAAS

_ Science
<o Careers Forum

* How canyou write a resume that stands outin a crowd?
* What do you need Lo transition from academia to industry?
* Should you do a postdoc in academia or in industry?
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Let a trusted resource like ScienceCareers.org help you
answer these questions. ScienceCareers.org has partnered
with moderator Dave Jensen and four well-respected advisers
who, along with your peers, will field career related questions.

Visit ScienceCareers.org and start an online dialogue.

Bring your career
concerns to the table. Dialogue
online with professional career We know science AAAAS
counselors and your peers.

Science(Careers.org
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FACULTY POSITIONS
DEVELOPMENTAL BIOLOGIST

The Biology Department of Albion College
announces a search for an antcipated full-time,

renure-track Developmental Biologist ar the rank of

ASSISTANT PROFESSOR, to begin in August
2007. A P'h.D. is required. College teaching experi-
enee and a demonstrated record of scholarship are
preferred. The successful candidate will be expected
to teach a majors” course in developmental biology
and develop a course in his or her arca of cxpertise.
The candidate also wall share responsibalitics m an
introductory ccll and molecular biology course. A
rescarch agenda that incorporates undergraduaie
students is expected. Facilities include a new, well-
cquipped, interdisaplinary saence complex, stare-of-
the-arm molecular biology cquipment, a wide array
of weaching and research-grade microscopes, and
controlled-cnvironment chambers. Albion College is
a selective, liberal ares college of 1,900 students
located in south-central Michigan, within an howr’s
drive of three major universities. See website:

http:/ Mwww.albion.edu /biology,/ for further in-

formanon and a more comprchensive listing of

instrumentation and resources. Send letter of ap-
plication, statements on teaching and rescarch
imrerests, curriculum vitae, gradvare and under
graduate transcnpts, recent reprnts, and three letters
of reference (clectronic copics not acceptable) po:
Dr. E. Dale Kennedy, Biulugy Department,
Albion College, Albion, MI 49224-1831. The
deadline for completed applications s March 15,
2007, Alhion Colleye i an Egual Oppormnity  Engploper

coumneitted o Jrn-r_rrr:- i d core fetitional sl

POSITIONS OPEN

PHY SICIST
MNational Institute of Standards and Technology

The Artomic Spectroscopy Group of the Atomic
Physics Division of the National Im.ritutn.. of Stan-
dards and Technology (NIST)/ULS. Department of
Commerce s secking a Physicist w tth expericnoe in
atomic spectroscopy and database du.w.lnpma.m for a
permancnt staft posinon at NIST in Gaithersburg,
Marviand, The person sclecred will be expecred 1o
take a leading role in the NIST program of analysis
and compilanon of specrral lines, energy bevels, and
transition probabilitics tor atoms and atomic ions, He
or she will also have responsibility for advancing state-
of-the-ant programming to further develop the NIST
online databases for atomic spectral dam. Applicants
should have a Ph.D. and /or experience in physics and
extensive experience in the field of critical compila-
tion of atomic spectral dara. Applicants should also
have demonstrared expericnce with high-level pro-
gramming for darabase client-server applications,
including knowledge of Forrean, Visual Basie, C4++,
Perl, Java, Javascapr, and PMascal. Expenence with
heml, XML, and SOL programming is also required.
The position is for a Z1-1310-1V Physicist. Salary
range 15 579397 o 5121.967. The vacancy an-
nouncement may be viewed ar website: http: £/
www.nsajobs.opm.gov, number PHY-2007-0004.
Applv directly to the vacancy announcement on
USAJOBS, Incomplete applicatons will not be con-
sidered. NIST i part of the LS. foderad governmeent and
LS, atizenship is requived. The Department of Commeree is
an Lgral Opportunity Emplayer

STAFF SCIENTIST. Boston University Medical
Center is recruiting an cstablished BASIC BIO-
MEDICAL INVESTIGATOR with extensive cxper-
tise in the anca of inestinal mucosal immunology,
Candidate must have an M.D. or PhD. degree or
equivalent, and experience in the arca of inflaimmatory
bowel discases 15 highly desirable. Faculty appointment
commensurate with level of expertise and  proven
proficiency, Intercsted candidates should forward
their curniculum vitae to: M. Michael Wolfe, M.D.,
Chief, Section of Gastroenterology, Boston Uni-
versity Medical Center, 650 Albany Street, X 504,
Bmmn, MA D2118. AAn Egnal Oppoctnity Enploper,
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OPEMN

USDAa3 st

COMPUTATIONAL BIOLOGIST
USDA/Agricultural Rescarch Service
Corn Insects and Crop Genetics Research Unit
Ames, lowa

The Corn Insccts and Crop Geneties Rescarch
Uit conduces rescarch on the biology of improving,
grain and torage crops. The unt is secking a Com-
putational Biologist to fill a position at MaizeGDE,
the MazeGenetics and Genomics Database (website:
httpe/ Swww. maizegdb.org). This position is housed
on the Towa State University campus in Ames, lowa.
The successful candidate will work in collaboration
with both khboratory scientists and compurational
biologists to develop new computational and analyve-
ical methods, create unigque genomic data storge
solutions and views, and serve 3 a technical resource
and advisor to the Malze GDB project.

A Ph.Doin baoanformatics, computational biology,
genetics, or related discpline appropriate to the po-
sition s required. Experience in interdisciplinary sci-
entific compuring, genomic data analvsis, storage and
presentation of genome annotations, and for data-
base development is highly desirable. For further in-
formation on this position contact Dr. Carolyn J.
Lawrence at e-mail: riffid@iastate.edu.

Candidates menst be U8, eitizens. The position
will be filled at the GS-11,/12 level; ASSISTANT /
ASSOCIATE PROFESSOR cquivalent, salary com-
mensurate with cxpericnee (552,912 o 582 446).
Comprehensive benefits package includes paid annual
and sick keave, life insurance, health insurance, and a
federal retirement plan. Vacancy announcements and
application information can be obrained from the
ARS website: htp:/ www.afm.ars.usda.gov/
divisions/hrd/. Questions regarding  application
procedures can call Lynnette Richey, telephone:
515-663-T278. Applications in response to this ad
must be postmarked by February 26, 2007, and ret-
crence vacancy announcement number ARS-XTW-
0021, e USIA/ARS §: an I:'..I!ml.l f.i']'l;’clrllﬂrlll" Prowider
and Emplivper,

FACULTY

POSITIONS
FACULTY FOSITION

Biinformatics /Computational Biology
University of Nevada, Reno

The University of Nevada Reno invites :lpEﬂn:l.m:ni
for a tenure-track faculty posiion in bicinformaties
at the ASSOCIATE or FULL PROFESSOR. level.
The suecesstul candidate wall direct the Center for
Bivinformatics funded through the NIH INBRE
program. The deal candidate will be expecied to
develop and mainin a vigorous, innovative, state-
of-the-art computational biology research program
on integrative data analysis and interpretations using
mathematical and statstical models in biological
syvstems along with the development and teaching

of a curriculum for bininformarics, Possible arcas of

rescarch emplhasis could be systems biology, funcnonal
gemonics, proteomics, metabolomics, network analy-
sis, biostatistics or comparative genomics. Applicants
should have a record of productive, grant-supported
rescarch. Reno, MNevada, 15 on the castern flank of the
Sierra Nevada range, offers outstanding opportuni-
tics for outdoor recreation, and was recently raped
one of the best small cities in the United States for
overall quality of life,

Applicants should send curriculum vitae, starement
of rescarch plans, statement of teaching philosophy
and bicinformatics curriculum goals clecrronically
o website: hotpe/ Swww.unrsearch.oom and three
lerters of recommendation to: Barbara Neyses, Search
Coordinator, Department of Biochemistry, School
of Medicine,/200, University of Nevada, Reno,
NV B9557. The complete position announcement
and requirements can be viewed at website: hitp://
jobs unr.edu.

Eigend Enplanens Opportiniry/clffmmstie Acson Enphogr

FACULTY POSITIONS

EVOLUTIONARY BIOLOGIST, University
of North Texas (UNT), Denton, Texas. The De-
parmment of Biological Sciences {'wc'hsitr, http: /S
www.biol.unt.edu) invites applications for a renure-
rack ASSISTANT SASSOCIATE PROFESSOR
position in evolutionary biology starting Scprem-
ber 1, 2007, Successful candidares will be expecred
to contribute to a strong rescarch program and par-
ticipate in instruction at the undergradvare and
graduate levels (M.5. /Ph.D. ). Candidates with
demonstrated rescarch excellence in addressing evo-
lutionary guestions i microbial, plant, or animal
systems, especially as related to the environmental
sciences, are encouraged to apply, Excellent research
facilitics, competitive salary, and startup funds are
available. Locared in the Dallas-Fort Worth metro-
palitan area and abour 30 minutes from the Dallas-
Fort Worth Intemadonal airporr, UNT has over
33,000 students. Applicants should send a cover
letrer thar addresses the above requirements as well
as curriculum vitae, a statement of teaching goals, a
statement of rescarch interests and goals, contact
information for at least three references, and selected
reprnts. All apphication matenals should be ad-
dressed to: Dr. T, W, La Point, Chair, Evolution-
ary Biologist Search Committee, Department of
Biological Sciences, 0. Box 310559, University
of North Texas, Denton, TX 76203-0559, Re-
view of applications will begin February 16, 2007,
and will remain open unl filled,

The University of North Texas ts an Ligual Chpportuwity
Affinnatie Action  Institition comnitted  fe diverssity i its
employmrent and  edwcational programs,  dierely  orearing o
welcoming environmment for ereryoe.

FROFESSOR OF THE PRACTICE

The Depanment of Eeology and Evolutionary
Biology, Tulane University, invites applications for a
full-tume teaching position. Professors of the Practice
arc appointed for renewable three-vear terms, which
include benefits but do not lead to tenure. Candi-
dates must hold a Ph.DD. degree and should have
teaching experience at the college level. We seck an
individual with demonstrated cxpertise in one ar
maore areas of ccology, evolution, and organismal bi-
ology as well as a commitment o excellence in under-
graduate instruction, the advancement of science
liveracy, and the scholarship of teaching and feaming.
For more detals see website: hitp:/ Swvww.tulane.,
edu/~ebio,/News/profprac.htm. Scnd curriculum
vitae, deseription of scholady and teaching interests
and expenence, sclected publications, statement of
teaching philosophy, and the names and addresses
of three references o Pol® Search, Department of
Ecology and Evolutionary Biology, 310 Dinwiddie
Hall, Tulane University, New Orleans, LA 70118-
5698. Review of applications will begin March 1,
2007, and the search will remain open until the
position is filled. Tilwe University & an Affinnanve
Action/ ipal Ewployment Opportunity Employer.,

POSITIONS OPEM

POSTDOCTORAL FELLOW POSITIONS

Postdoctoral Positions are available immediarely in
the Institute of Biotechnology /Department of Mo-
lecular Medicine ar the University of Texas Health
Saence Center atf San Antomo. The research involves
the use of molecular biology and mouse genetics to
study the impacts of gene regulation, obesity, and
hormone actions on the development of breast can-
cer. The successful candidates should hold a Ph.ID.
degree in biochemisory, mobecular biology, or other
related ficlds, with a record of creativity and scienrific
productivity. Working expericnce in mouse gencrics is
preferred bur not absolurely required. Please provide
curriculum vitae, a bricf summary of rescarch experi-
ence, and the names and contact information of three
references tor Dr. Rong Li, e-mail: lird@uthscsa.
edu or Yanfen Hu, e-mail: huy3@uthscsa.edu.

The Unfiersity .!F' Texas Health Sciemee Cemter i Xan
Anrorrip 65 an Egrial Emiplopmient Cppottanry/ .'Hﬁura.rm'r
Aeronr Employer. Al pozidocioral appoitinenits are desipnated
AF SOOI SemEiRie s ilians,
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elieve it! 'y
Ly per reaction.
’
* Read length up to 900 bases.
* High quality electropherograms.
* Fast turnaround.

* Plasmid and PCR purification available.

Polymorphic exclusively uses ABI 3730XL sequencers.
Data delivered via secure FTP, email or CD.,

$2 5 O No charge for standard sequencing primers.
. 384 sample minimum order.

per reaction! 96 well plates only—no fubes.

POLYMORPHIC

———— Polymorphic DNA Technologies, Inc.™

www.polymorphicdna.com 888_362 _0‘888

info{@polymorphicdna.com

1125 Atlantic Ave., Ste. 102 X ) .
Alameda, CA 94501 For more information please visit

www.polymorphicdna.com
For research use only. @ Polymorphic DNA Technologies, 2005 POy i
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Your gene starts with ATG
Your research starts W|th IDT

miniGENES (50-500 bp)

Only $0.65/base pair!

$150 setup fee

miniGENE Specifications: miniGENE Applications:

Cloned and sequence verified * shRNA expression cassettes
2 pg of purified plasmid DNA * Standards for quantitative PCR and other assays
Average turnaround time 6-12 working days » microRMA genes

Codon-optimized short proteins

Regulatory sequence cassettes

For genes > 500 bp, please contact us for a custom quote.
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INTEGRATED DNA
TECHNOLOGIES, INC.
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